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I
EXECUTIVE SUMMARY

The environmental fate and effects of brass were investigated for the two principal routes of
exposure, namely airborne deposition of brass and brass/fog oil obscurant mixtures, and via soil
amendment to simulate soil weathering and potential Impacts from soil deposlitin, Aerosols
containing brass were generated and characterized, and deposition to both' ,. iar surfaces and
soils was determined. Impacts of deposited brass were assessed on the basis of both contact
toxicity and plant absorption from soils. Soil amendment studies were performed to ascertain
weathering rates and the effects of brass concentration on both plant growth and soil mlcroulal
processes. In addition, soil columns were employed to determine whether brass weathering
Influenced the migration of Cu and Zn through soil profiles.

In these studies, brass aerosol mass concentrations ranged from 132 to 177 mg/m 3 during
the brass only (BR) wind-speed tests, were approximately 90 mg/m 3 during the brass range-
finding tests, and ranged from 19 to 83 mg/m 3 during the brass/fog oil (BR/FO) wind-speed tests.
Results of particle size distributions indicated an Aerodynamic Mass Medlam Diameter (AMMD)
for brass aerosols of about 5 to 6 pm.

The deposition velocity (Vd ) of brass alone to follar surfaces Increases with Increasing
wind speed, and ranged from 0.1 cm/s at 0.9 m/s (2 mph) to 1.0 cm/s at 4.5 m/s (10 mph).
Interception or collection efficiency was higher for sagebrush than for the other plant species. The
deposition velocity of brass delivered as BR/FO aerosols ranged from 0.3 to 60 cm/s for follar
surfaces, and Is substantially greater than observed for brass alone. Deposition to bush bean
and tall fescue foliage Is nearly an order of magnitude less than for sagebrush and pines. The co-
deposition of the fog oll to the leaf surface apparently either acted to prevent resuspenslon of the
deposited brass or had an effect on brass agglomeration, Increasing Its effective size and
deposition rate.

Contact toxicity of brass alone was not observed at mass loading rates of up to 700 gg/cm 2.
Exposure of plants to aerosols containing BR/FO resulted In moderate toxicity, but this Is assumed
to be the result of the FO and not the brass. Brass deposition to foliage has only a short-term
minimal effect on plant gas-exchange processes, and Is believed to result from the shading effect
of follar deposited brass. Similarly, dry matter production In brass-contaminated plants Is
reduced, and Is believed to result from the shading effect. No residual effects of second-harvest
biomass production were noted following brass deposition, Indicating no significant weathering
and follar absorption of Cu or Zn.

The pH of soils receiving brass decreased with Increasing amendment level and time of
Incubation. The pH of soils increased by 0.8 to 1.0 pH units over the ,40-day Incubation period.
Selective extractions were employed to evaluate brass weathering and to determine the fate of
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solubilized Cu and Zn. In general, the amount of extractable Cu and Zn in soils increased by 100
days post-amendment and changed little by 440 days. In the intervening period, weathered Cu
and Zn likely become tightly sorbed to nonexchangeable sites. This process results In some
disruption in the extractable quantities of other ions In soil. Most notably, P decreases, while
ammonia and nitrate concentrations Increase; this likely results from a disruption of soil microbial
processes.

Seed germination studies with bush bean, alfalfa, and tall fescue indicate no effects of 3
brass at any of the concentrations employed or after up to 450 days of weathering. However, after
160 days of soil incubation, plants developed visual toxicity symptoms which included necrosis
and chlorosis. Only moderate damage was noted for concentrations of 500 Ag brassig and less.
In general, the toxicity of brass, based on visual symptomology, became more severe with
Increasing Incubation or weathering time. Biomass production in plants reflected the soil
concentration trends for visual symptoms, In that severe dry-weight reductions were observed at
soil concentrations of >500 gg brass/g soil. The concentrations of Cu and Zn in plant tissues were
proportional to soil brass levels. Analysis of the nutrient Ion concentrations of tall fescue grown m
on brass-amended soil showed that the elevated soil concentrations of Cu and Zn caused the
tissue concentrations of Mg and Mn to Increase by a factor of 2 to 3, levels of Fe to Increase by a
factor of 7 to 100, and P levels to decrease by a factor of 2 to 3. This disruption In Ion
homeostasis can account for the observed phytotoxlclty of brass. Similar Ion Imbalances were
not observed for bush bean.

The degree of brass flake Impact on soil microbial activities was dependent on soil type,
brass concentration, and the microbial Index studied. Soils with higher organic matter and cation
exchange capacity (CEC), such as the Cinebar soil, tended to be less Impacted by the brass flake
than soil with lower organic matter and CEO, such as Burbank soil. Organic matter In soils can m
adsorb and bind heavy metals, depending upon pH. The soil organic matter also contributes to
the CEC of the soil, thereby influencing the bloavailability, and hence, toxicity of deposited heavy
metals. The greater the CEC of the soil, the greater Is Its ability to adsorb and immobilize heavy
metals and to reduce their toxic effects. The CEC and organic matter of the soils used In this
study can be ranked as Burbank - Palouse s Palouse + OM < Cineltr. Thus Burbank soil, with I
Its low CEO and low organic matter content, was shown to be most Impacted by the brass flake
exposure. 3

Impact of brass on soil microbial activities increased with Increase In brass concentration,

Concentration above 500 gg/g caused severe Inhibition of several soil microbial activities,
especially soil dehydrogenase, which was diminished to below detection. Soil dehydrogenase,
or the activity of the soil microbial community was more susceptible to the toxicity of brass fldke
than was soil phosphatase or soil microbial biomass, which were moderately affected by the
addition of brass flake. Soil nitrifying bacteria and total heterotrophic bacteria In general were not
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3 significantly affected by the brass flake. Among the soil microbial parameters studied, Impact
ranking was soil dehydrogenase activity > phosphatase activity > microbial biomass > microbial
population (total heterotrophic and nitrifying bacteria) - microbial species diversity index. When
soil was exposed to a mixed smoke containing brass flake and fog oil, the deleterious effect was
less Intense than In soil exposed to brass only, suggesting a beneficial synergistic effect of fog oil.

Brass flake deposited to soil has only a slightly deleterious effect on the earthworms at
mass loading levels of > 445 ig/gcm 2. Exposure of earthworms to BR/FO aerosols at mass loading
rates of 200 gg brass/cm2 had no effect on survivability, and only moderately affected tactile
activity. Thus there is no Indication that fog oil ameliorates or Intensifies the effects of brass.

Brass flake was neutron-activated to produce a 6SZn tagged brass and was applied to
column surfaces to determine the mobility of weathered soluble constituents using Zn as the
Indicator Ion. Based on analysis of the Indicators of migration It Is clear that appreciable
downward migration of Zn, and likely Cu, does not occur to any great extent over the period

I employed (440 days). Although slight differences In migration rates was noted fo, the four soils, It
Is clear that the CEC of these soils Is effective In retarding solubilized brass constituents. For
Cinebar soil, leached with pH 6.5 versus 4.5 rainwater, no significant differences (P13,1) are
noted In migration; this likely Indicates that the added acidity did not exceed the buffering capacity
of the soil.

I
I
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I1.0 INTRODUCTION

I The U.S. Army has deployed a number of smokes and obscurants to visually mask
the movement of troops and vehicles during combat. Effective training scenarios for our3 armed forces require that troop maneuvers simulate, as closely as possible, the conditions
most likely to be encountered under live combat situations (e.g., hardware, weapons fire,
terrain, weather, vegetation, and smoke concentrations). Within the framework of the training
operations, the Army has a regulatory responsibility to ensure that the use of smokes and
obscuranta does not adversely affect the health of local residents, or the environment, both
on and near the training sites. The environments of these training centers range from high
deserts to semitropical forests, thus complicating this responsibility.

I The Health Effects Research Division of the U.S. Army Biomedical Research and
Development Laboratory (USABROL) has been assigned the responsibility of determining
the potential environmental effects associated with using smokes and obsourants In training
and testing. As part of USABRDL's planned program In response to this concern, the
present study was designed to evaluate the transport, the chemical transformation, and the
terrestrial ecological effects of several of the smokes currently used In training throughout the
United States. The present study expands on prior field studies In two major aspects. First,
smoke and obscurant testing Is conducted within a special recirculating wind tunnel that
ensures containment of the smoke and allows simulation of a variety of environmental3 conditions (i.e., varying wind speeds, mass loading/dose, and simulated rainfall under
controlled conditions of temperatures and lighting), under dynamic exposure conditions.
Secondly, the use of controlled and selected conditions permits elucidation of complex
chemical processes Including weathering and bloavallabillty of associated obscurant
contaminants.

The USABRDL has two primary reasons for evaluating the environmental effects of
i smokes/obscurants used during troop maneuvers and training:

a to ensure that obscurants do not permanently change, damage, or alter
vegetation and soils at training sites such that the sites no longer simulate a
specific combat terrain

I to comply with the National Environmental Policy Act (NEPA), which requires an
Environmental Assessment be conducted before smokes and obscurants are
used during training missions within U.S. territorial boundaries.

1 1.1
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It should be noted that the health and environmental effects of Army smokes and
obscurants have been studied Intensively over the past 30 years; these research efforts have 3
recently been compiled and reviewed by Shlnn et al. (1985). In general, research Into the
effects of obsourant smokes has concentrated on animal and aquatic toxicity, with relatively
little effort being expended In understanding soil/plant or ecological effects. The vast I
majority of the efforts used direct artificial dosing of organisms or aqueous amendments of
suspected toxicants. While this may be appropriate and necessary In many Instances, It may
not be appropriate In developing an understanding of the potential Impact of the recurrent
use of obscurant smokes at heavily used training sites, mainly because there Is no
established correlation between 1) airborne smoke/obsourant concentration, deposition on 3
soils and plants (duration and physical parameters affecting deposition), and 2) the ultimate
effect, environmental deterioration. 5

Because the obscurant smokes currently In the U.S. Army arsenal are used In various
combinations, under a variety of training situations, over diverse terrains and vegetative
communities, concerns have focused on potential synergisms and antagonisms of the
smokes on local environments. The fate and effects of Individual smokes (RP, WP, FO, and
HC), and smoke combinations (FO/HC/WP, FO/HC and FO/WP) were Investigated previously
using controlled wind tunnel methodology (Van Voris et al. 1987; Cataldo et al. 1989;
Cataldo et al. 1 990a, and Cataldo et ai. 1 990b). The following studies will describe the
behavior and potential Impacts of brass and brass/fog oil on a variety of environmental
components. 3
1.1 REVIEW OF THE ENVIRONMENTAL BEHAVIOR OF BRASS AND ITS MAJOR 3

CONSTITUENTS. Zn AND Cu

Normal Cu concentrations found In soils range from 5 to 150 ppm, a value of 50 ppm 3
representing a typical surface soil (Bowen 1979). For Zn, the normal range Is 10 to 250 ppm,
with a typical value of about 100 ppm. Major natural sources of Cu are sulfide and hydroxy- 3
carbonate minerals; for Zn, major sources are sulfide, oxide and silicate minerals (Brady
1974). Both Cu and Zn are essential plant micronutrients that are required In relatively

small amounts. Cu functions during chlorophyll synthesis and carbohydrate and protein U
metabolism, is a catalyst for respiration, and Is an enzyme constituent. Zn Is required during
formation of growth hormones, and for promotion of protein synthesis and seed production 3
and maturation. On a relative scale of elements needed by alfalfa at bloom stage, Mo
ranked as 1; Cu ranks 30; Zn 70; Fe 300; and Mg 20,000 (Brady 1974). Cu functions during

chlorophyll synthesis and during carbohydrate and protein metabolism, and It Is a catalyst for I
respiration and an enzyme constituent. Zn is required during the formation of growth

1.2 U
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hormones and for promoting protein synthesis and seed-production and -maturation.
Normal levels in plants are 3 to 20 ppm Cu and 10 to 200 ppm Zn; above these values,
toxicity begins to occur.

Ragulatarv Constrainta

EPA water quality orlterla recommendations are listed In Table 1 .1. Both Cu and Zn
freshwater toxicity are dependent on water hardness; values listed are for 100 mg/L
hardness rating (EPA 1987). Typical concentrations In U.S. water supplies are 0 to 600 ppb3 Cu and 60 to7000 ppb, respectively (Rubin 1974). No contaminant limits have been
established for soils because of the wide range of endogenous soil concentrations based on
soil origin, and the wide range of soil sorptIve capacities. Thus, the rates of brass
weathering and solubllIzatlon In soils, the Impact of these processes on the migration ot Cu
and Zn to surface waters, and the levels at which adverse biotic effects are noted, become5 Important In setting guidelines for training Installations.

T I A . WATER QUALITY CRITERIA FOR Cu AND Zn

Water Cu Zn
Conditions (l.gram/L)

Fresh, acute (A) 18 120 (b) 3 2 0(o)
Fresh, chronic (a) 12 110(b)
Marine, acute 2.9 95
Marine, chronic 2.9 8e
Drinking Water (d) 1000 5000

(a) In 100 ng4i. water hardnese a 04003.O
(b) Value stated on waill chart distributed by EPA based on EPA 440/5.88.001.I (0) Value In text of EPA 440/5.86-001.
(d) For taste and odor quality only; Insufficient data for detorminallon of potential toxiocty to humans.

I
The composition of brass flake used by the military Is nominally 70% Cu, 30% Zn, and

1% minor trace metals. A trace amount of stearic or palmitlo acid is used as a coating.
Particle size Is reported as 1.7 micron diameter, with thickness of 0.08-0.32 microns (Wentsel
et al. 1986a, and others). Although Cd Is a common Impurity In Zn (Rubln 1974), Initial3dissolution of brass flakes at PNL did not reveal detectable levels. Nevertheless, the
preferred analysis method Inductively coupled argon plasma emission spectroscopy (ICAP)

* 1.3
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for the proposed studies will allow for simultaneous monitoring for all the metal components
of Interest (Cu, Zn, Fe, Al, Cd). 5
SlIl Rehavior of Iran&. Copper. and Zinc

Because of telr mioronutrlent status, both Cu and Zn sorption by soil and plant
availability have bren extensively studied. Generally, decreasing pH results In Increased 3
plant availability o- Zn, but had no correlatlon with Cu availability. The difference was
attributed partially to the marked selectivity of certain cation-exchange sites for small
quantities of Cu (Black 1968). At high pH values, excess Cu would be removed byI
minerailzatlon. Organic matter is a well-known sink for Cu, particularly In coarse-textured
soils, as demonstrated In a recent study (Sims 1987). In this study, Cu occluded to Fe-oxldes 5
was a secondary reservoir of soil Cu, Zn availability for plant uptake could be correlated to
the exchangeable fractions In a selective extraction procedure; however correlation of
availability of Cu with pH or soil properties was shown to be much poorer.

Most studies of Cu and Zn amendment to soils are based on addition of the trace
elements either In fertilizer or In sewage sludges or other complex Industrial wastes. In
contrast, the brass weathering studies described here provided controlled matrix conditions
(soil pH, organic matter amendment, pH of irrigating waster, etc,) required for correlating I
resultant effects of mobilized Cu and Zn on microbial systems and plant uptake.

A review of the literature related to the environmental fite and effects of brass at
training and testing facilities failed to produce any data related to the airborne deposition
and Impacts of brass. However, a series of CRDEC publications (Wentsel 1988; Wentsel et
al. 1986a, 1986b; Wentsel and Guelta 1986a, 1986b) have addressed the effects and fate of
brass materiel amended to soils and and their Impacts on vegetation. In general, effects for 3
both terrestrial and aquatic systems have shown that the weathering of the submlcron flakes,
and release of soluble Cu and Zn, which comprise 99% of the brass mass (70 and 30% for
Cu and Zn, respectively), account for the observed blotoxllty and mobility of soluble Cu and
Zn In soils.

Soils amended with 20 mg brass/g soil, and weathered for up to 8-months showed
solubilization and soil mobility of bloavallable forms of Cu and Zn (Wentsel and Guelta 3
1988a) to be dependent on soil characteristics. Low CEC (cation exchange capacity), pH
4.6 soils having 1.3% organic matter (OM) showed extractable Cu to be elevated by 2 to
14%, and Zn by 10%, after 8-months of incubation. In soils having a similar pH, but higher
CEO and OM (3.6%), substantially loes solubIllzatlon and downward mobility of Cu and Zn
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was observed. Thus, the solubility and mobility (weathering) of Cu and Zn Is Influenced by
pH, CEC, and OM content of soils. A need exists to evaluate a wider range in soil type, with
particular emphasis on pH and OM content.

3 Biotia Effeoas of Brass. CgoDpr. and Zinc

Plant ffacts. The severity of observed plant effects will also be affected by which
variety and/or species of plants exposed to plant available forms of the materials. Bowen
(1987) has reported significant differences in the ability of the roots of different species such
as rice and tomato to accumulate Cu and Zn from solution cultures with even larger
differences evident between different cultivars of each species. When he applied the3 material to the leaf blades, however, no differences were evident between the two oultlvars of
either species, perhaps Indicating a more mobile form of the Ions may be produced in the
roots. The Ions are freely mobile within the plant and in some species such as cattail
(7Typha atifo/la) preferentially accumulate In the shoot when exposed to elevated levels In
the soil (Babcock et al. 1983).

Rwoent work Indicates that the majority of Cu and Zn In the plant Is In a conjugated,
organic Ilgand form (Reese and Wagner 1987). Mullens et al. (1986) have reported that Cu
and Zn were transported In the xylem and phloem In the forms of fu-glutamine and Zn-
alanine with less than 1% as the free Ion. Once within the plant cell, they are reported to be
frequently bound to phytochelatins, another group of heavy-metal-binding peptIdes whose
specific function Is to accumulate, detoxify, and metabolize of the metals (Grill et al, 1987).
Within the plant cell Cu Is associated metabolically with such metalloenzymes as diamine
oxidase, polyphenyl oxidases, and cytochrome C oxidases (Delhalze et al. 1986), while Zn
Is reported to be associated with over 80 other metalloenzymes (Vallee 1978).

Toxic levels of these metals are generally reported to Induce chlorosls, depression of
photosynthesis and respiration, and Inhibition of root growth particularly with Cu (Foy et al.
1978). These Investigators also report that Cu Induces Fe deficiency by Inhibiting the
translocatlon of Fe from roots to tops (Foy at al. 1978).

The two metals also may have a toxic synergistic Interaction. Excess Cu or Zn (42
jig/g) reduced yields In bush bean by 6% and 17% respectively when applied singly In
nutrient culture while a combination of both reduced yield by 38% (Wallace and Berry 1983).
More recently, It has been shown that both metals can Inhibit various portions of
phytosynthetic electron transport. In cyanobacterla, elevated levels of Cu apparently affect
the oytochromes between PS I and II in the chloroplast electron-transport chain, while Zn
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affected the electron donor sites between H2 0 2 and ascorbate on the oxidizing side of PS Ii,
(Singh and Singh 1987). Similar responses may aioo occur In higher plants.

Wentsel et al. (1 986b) evaluated plant effects of brass flake amended to soils at levels
of 0 to 1600 •g brass/g. In general, plant effects were observed for acidic, low CEC and
-OM soils at levels as low as 60 ppm. Effects appear to be dependent not only on
solubilizatlon rates for brass, but also the capacity of soils to fix or Insolubilize Cu and
possible Zn. These studies Inherently need to resolve short-term Impacts from longer-term
weathering processes and subsequent soil mobility. Also, no data was available with
respect to subtoxic bloaccumulatlon of Cu and Zn Into tissues, which Is Important in i
assessing food chain transfer of potentially toxic contaminants such as Cu. I

Soil Mlcrlooloov While numerous studies have examined the effects of heavy
metals on soil biotic processes, studies on the fate and effects of brass are limited, In one
series of studies (Tyler 1974, 1981) soil respiration and phosphatase activity decreased in I
soils containing higher soluble Cu and Zn levels from a brass foundry. As the Cu and Zn
concentrations In the soils Increased, soil microbial activity decreased. Soluble 3
concentrations of Cu and Zn 3 or 4 times background levels were sufficient to decrease soil
phosphatase activity. Numerous papers discuss the effects on soil microbial processes of
Cu and Zn by themselves or In combinations with other metals. Lower soil dehydrogenase
activities (7% of the control) were found near an abandoned zinc smelter. Drucker et al.
(1979) noted a decrease In soil respiration rate and number of aerobic bacteria at soluble 3
Cu concentrations of 10 gg/g soil, while Zn had no effect on soil respiration rate but did
decrease aerobic bacterial numbers at 100 gg/g soil. Rogers and Li (1985), using both soil
amended with alfalfa and unamended soil, found the concentrations of Cu and Zn which
resulted In a 50% reduction In soil dehydrogenase activity to be 29 and 177 g.g/g for Cu and
Zn respectively, In the amended soil, and 53 and 346 g.g/g for Cu and Zn respectively, In the I
unamended soil. In this short-term Incubation, the alfalfa Increased microbial activity and
may have decreased soluble metal concentration. 3

Long term Incubations with alfalfa In the soils would Increase brass weathering by II
Increasing microbial activity, which would Increase soluble Cu and Zn concentrations In the
soil solution. Increased concentrations of Cu and Zn may reduce the diversity of the
microorganisms present and lead to the selection of metal resistant strains (Tyler 1981). 3

Soil Invertebrates, The effects of soil amended brass on earthworm survival and
behavlor was investigated by Wentsel and Guelta (1986b). Using a standard 14-day acute I
toxicity test, the LC50 for brass powder was found to be 120 to 200 p.g/g soil. Sublethal

1.6 I

I



I

effects on earthworms, as measured by weight loss, were evident at soil concentrations of
120 gtg/g. The highest concentration where no weight loss was observed was at 83 lag/g.
The completeness of these data will obviate any further need for analysis of earthworm
effects of brass. However, the relative toxicity thresholds of soluble Cu and Zn solubilized
from brass in a wider range of soil types may need to be assessed.

SRelated Behavior. Although the aquatic fate of brass materiel is outside the scope of
the present project, aspects of chemical behavloi In aqueous systems are pertinent to soil
systems. In aqueous systems, the solubility of catlons such as Cu depends on the rates of
formation of ionic species and Insoluble Inorganic salts and to a large extent on the
formation of stable organic complexes with Cu. For neutral to basic natural waters with low
OM, hydrolysis and precipitation reactions Involving carbonates should dominate. Increasing
water hardness also results In decreasing toxicity, since the carbonate complex tends to be
less toxic (EPA 1987). This behavior becomes Important for soil systems, from the standpoint
of solubllization, or Insolubillizatlon, since significant differences In weathering rates should
occur for calcareous vs. non-calcareous soils. The data of Wentsel (1986) clearly show the3 Inverse relatlonwnip between water hardness (CaCO3 ) and the relative rates of Cu and Zn
solublIzatlon from brass flakes, dissolution as Ionic species, and subsequent competition
between solution stebilizaLilon (by complexation or chelation) and sorptIon/preclpltatlon. In
the case of Cu, organic matter Is a primary complexant, causing Increased or decreased
solubility, depending on the strengths of the competing sites. For neutral to basic natural3 waters with low OM, hydrolysis and precipitation reactions involving carbonates should
dominate.

1 1.2 PROJECT Q1JECTIVES

3 The primary objectives of this study Is to characterize the fate of aerosol and
deposited brass material currently In Inventory and to assess the response of soil and biotic
components of the terrestrial environment. The physical, chemical, and biotic aspects to be
Investigated will Include:

1) air/surface deposition rates measured by deposition velocities In
an environmental wind tunnel;

2) follar-contact toxicity using five different types of terrestrial vegetation
representative of Army training sites and surrounding environments;

3) weathering and chemistry of brass aerosols drpilted and amended to soils,
and Impacts of acid precipitati. i and moisture regimes on weathering rates;

* 1.7
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4) the influence of soil weathering processes on seed germination and plant
availability of Cu and Zn; and 3

5) the influence of weathering and contaminant solubilizatlon on soil
microbiological communities and invertebrates associated with soils. 3

I
I
I
I
U
I
I
I
I
I
I
I
I
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2.0 MATERIALS AND METHODS

Tests of brass (BR) and brass mixed with fog oil (BR/FO) aerosols were conducted
using the Aerosol Wind Tunnel Research Facility. The wind tunnel facility, operated by Pacific
Northwest Laboratory (PNL) and located on the U.S. Department of Energy's (DOE's) Hanford
Site In southeastern Washington, contains an environmental wind tunnel suitable for testing
obscurant smoke under a variety of environmental conditions. The facility, shown In Figure 2.1,
and supporting laboratories are used for research Involving the generation, tronsport, deposi-
tion, and characterization of aerosols and gases In complex atmospheric environments. A
detailed description of the wind tunnel is provided In Section 2.1. Additional information can
be found In Van Voris et al. (1987), Cataldo et al. (1989), and Llgotke et al. (1986).

In addition to describing test facilities, this section provides detailed procedural
Information on exposure conditions; obscurant-aerosol generation and characterization;
chemical analyses; and plant, soil, and microbiological experiments.

I 2.1 AEROSOL WIND TUNNEL RESEARCH FACILITY

3 The Aerosol Wind Tunnel Research Facility provides a combination of several
capabilities for laboratory reproduction of natural environments, Advantages of wind tunnel
tests over actual field tests Include controlled and reproducible (on demand) test conditions,
shorter-duration projects, and cost-effective methods of providing large quantities of usable
data. It Is also critically Important that field simulations be performed In the dynamic conditions
provided by wind tunnels rather than In static or stirred exposure chambers, because several
conditions are Influenced by a dynamic environment. First, contaminant aging In natural
environments may include chemical and physical transformations that may be Influenced by
sunlight, humidity, temperature, or other parameters. Second, deposition of airborne particles,
whether by diffusive or Inertial forces, to various test subjects such as plants, soils, and water
surfaces Is strongly Influenced by wind speed and the flow-field characteristics generated
within plant canopies or by the boundary layers of wind over leaves and other surfaces.
Finally, the chemical fate of particles deposited on surfaces or the rate of transfer of
contaminants from the surface to the Interior of plants and soils may be altered by the aging of
surface deposits under the influences of temperature, humidity, and wind speed. Under static
conditions (i.e., chambers without uniform air flow, either with or without temperature and
humidity control), tranhport, transformation, and effects of airborne materials will likely not be
similar to those occurring In actual field environments. The dynamic conditions created In an
environmental

2.1
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FIU2.1. PACIFIC NORTHWEST LABORATORY AEROSOL WIND TUNNEL RESEARCH

FACILITY

wind tunnel provide realistic simulation of natural environments for experiments on transport,

transformation, and fate and effects.

The facility houses a sealed, recirculating (or closed-loop) wind tunnel, controlled-

environment plant growth chambers, Instruments for aerosol characterization, and a computer

system, and It Is supported by a variety of analytical-chemistry laboratories. Designed to totally I
contain airborne toxic, hazardous, and radioactive materials, the facility offers a unique capa-
billty to conduct aerosol research on such materials In a dynamic environment simulating
natural field conditions. Computer control and data acquisition in the wind tunnel exposure

environment include temperature, humidity, Illumination, wind speed, gas species

concentration, and airborne-contaminant composition and dispersion.

2.1.1 Environmental Wind Tunnel

The environmental wind tunnel is used to study the transport, deposition, and chemical

fate of airborne contaminants on physical and biological systems. The wind tunnel Is Ideally

suited for environmental studies, because of Its large, 68-m3 (2400-ft3 ) volume, and because It
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is insulated and supplied with environmental-control systems. Temperature is controlled
between 27 and -115 0C by an air conditioning system, relative humidity.Is controlled between
5 and 95% at most temperatures by computerized injection of water vapor via an ultrasonic
atomizer, and gas concentrations can be controlled by computerized Injection and monitoring.

The wind tunnel Is constructed of stainless steel and transparent Lexano for resistance
to chemical corrosives. A 300-psi washdown system is used to clean and decontaminate the
wind tunnel following tests. Constructed as a closed-loop system as shown in Figure 2.2, the
wind tunnel may also be operated In single-pass mode for many research applications by
Installing a 4.5-r 2 (48-0) bank of HEPA filters In the return section, just upwind of a 30-hp
belt-driven fan. Because of the low pressure drop across the large area of the filter bank, the
maximum attainable speed in the primary test section Is 31 m/s (70 mph) either with or without
the HEPA filters. Secondary test sections provide alternative testing locations to the 0.6-m2

primary test section; two 1.5-m 2 test sections and one 2-m 2 section may be used for large test
subjects.

2.1.2 Wind Tunnel Teat Sactlon

The primary test section of the wind tunnel Is 6.1 in long and 0.6 m wide and tall, with

3 transparent Lexan walls and ceiling (see Figure 2.1). Mean wind speed Is controllable
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between 0.2 and 31 m/s (0.5 and 70 mph). Uniform air flow is provided by reducing the
boundary layer at the Inlet to the test section using a specially-shaped effuser section and
turning vanes located in all corners of the wind tunnel. Velocity Is uniform over the center 85%
of the test-section cross-section, and velocity gradients are typically less than 4%. Because
aerosols usually are generated downwind of the test section, mixing Is complete, and uniform I
contaminant concentrations are provided to test subjects. Illumination Is provided to maintain
plant respiration processes; four adjustable 400-W metal-halide lamps are above the test •
section, and UV lamps are also available. Plant pots and other portions of test subjects that do
not require exposure are placed below the surface of the test section within a false floor. 3

Isolation baffles Installed on the Inlet and outlet planes of the test section facilitate
tests. Upon completion of a test, these isolators are rotated upward to seal the test section from 3
the rest of the wind tunnel. The air within the test section is then quickly cleared by purging It
with clean, filtered laboratory air, thus providing a controlled end-of-test or providing an oppor-
tunity to access the test section and exchange test subjects for a second or continued expo-
sure. During the time the test section is Isolated, a bypass duct Is operated, thus maintaining a
dynamic atmosphere In the remainder of the wind tunnel. Because the primary test section 3
contains only 5% of the total wind-tunnel volume, tests can be performed in series by reopen-
Ing the test section and continuing testing immediately, without having to recreate the test

atmosphere.

2.1.3 Aerosol Instrumantation

An Inventory of Instrumentation Is available to monitor the test environment and
aerosol concentration, particle size distribution and shape, and chemical composition. A
computer-control and data-acquisition system Is used to operate experiments and document
monitoring-instrument data and status. In addition to aerosol-measuring devices, aerosol 3
generators for generating most types of suspended particulate contaminates are available.

Aerosol mass concentrations from <0,01 mg/m3 to >10 g/m 3 are measured using Iso- I
kinetic filter samples, laser transmissometers, and single- and multiple-particle light-scattering
devices. Physical samples are analyzed gravimetrically, chemically, fluoroscopically, or by
optical or scanning-electron microscopy (SEM). Particle size distributions of airborne contami-
nants are measured for particles with diameters -"lng from 0.003 to 450 gim using a variety
of Instruments employing Inertial, diffusive, opticmJ, not-film, or electrical-mobility classifying
procedures. One analyzer sizes and counts particles remotely using a pair of He-Ne laser
beams. That device provides several advantages: particles can be analyzed without using a
physical probe that may Influence air-flow and particle-deposition patterns, airborne material

I
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I
can be rapidly (in real-time) analyzed, and the need to remove toxic and hazardous materials3 from the wind tunnel for analysis Is reduced.

2.2 AEROSOL EXPOSURE CONDITIONS

Exposure conditions were controlled within the wind tunnel. Not Including trial tests,

three series of BR or BR/FO tests were performed. Other than differences in environmental
parameters and aerosol generation and composition, general operating procedures were

similar for all tests. In addition to aerosol parameters, test parameters were wind speed,
3 duration of exposure, and relative humidity (trial tests only). Temperature was controlled at

ambient levels and was monitored, but It was not varied as a test parameter. After setting the
test environment before each test, obsourant aerosols were generated and maintained at
roughly constant levels to provide known test conditions.

2.2.1 ExoNaura Environmant

Air temperature and relative humidity were monitored using a General Eastern Model
1500 Hygrocomputer. Temperature was obtained using a remote thermocouple probe, and

samples drawn from the wind tunnel were filtered and condensed on a chilled mirror to meas-
ure the dew point. Relative humidity was then determined by comparing air temperature with
the dew-point temperature. The hygrocomputer was calibrated by comparing it with a certified-
precision controlled-draft sling psychrometer.

Lighting, provided by four 400-W metal-halide lamps, was not measured during the
tests, but the lamps previously had been shown to provide a lighting Intensity at mid-canopy
height of 500 iE/m2/s photsynthetlcaly active radiation PAR (400 to 700 nm). In comparison,

typical maximum outside lighting (overhead sun, no clouds) Is approximately 1200 g.E/m 2/s

PAR.

3 Wind speed was controlled using an adjustable-speed drive connected to a 30-hp dc
motor which In turn drove an axial fan. Mean, or average, wind speed was monitored using a

pltot-static probe connected to an MKS Inc. Baratron differential pressure transducer. The

transducer was calibrated by comparing It with a Dwyer Model 1430 micromanometer having a
certified micrometer.

2.2.2 Brasa and Mlxad-Brana and Foa-Oil Taut Sarlan

I TWo series of trIal tests and three series of plant, soil, and microbial exposure tests
were performed. Trial tests were performed on both BR and BR/FO aerosols, Including tests of
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the Influence of low and high relative humidities on aerosol characteristics. Exposure tests
Included wind-speed and range-finding tests; only a wind-speed-exposure test series was 3
performed for BR/FO aerosols. Table 2.1 lists each test series, Indlvldual tests in each series,
dates, aerosol compositions, and exposure conditions.

TABLE,2.1. BRASS AND BRASS/FOG-OIL TEST SERIES I

Exposura ConditlonI
Wind Speed Relative Humidity

Series Tests Date Aerosol (m/s) (%)

BR Trials BR-01 to -09 12/88 to BR 0.9 to 4.7 20 to 90 1
BR-14 & -15 3/89

BR Wind-Speed BR-10 to -13 3/89 BR 0.9 to 4.7 46 I
BR Range-Finding BR-18 to -19 4/89 BR 0.9 m/s 46 3
BR/FO Trial BR/FO-T1 to -T3 8/89 BR/FO 0.8 to 2.8 -45

BR/FO-01 & -02

BRMFO Wind-Speed BR/FO-03 to -07 8/89 BR/FO 0.9 to 4.8 47

I
2.2.3 Test Procaduras and Mansurad Conditions

The dynamic exposure environment of the wind tunnel was used for all BR and BR/FO
exposure tests to most closely represent particle-deposition phenomena In the field which are I
strongly Influenced by wind-speed and air-flow patterns within plant canopies. Brass aerosols
were generated within the wind tunnel, downwind of the test section, and FO aerosols were
generated directly Into the wind tunnel at a location roughly 6 m downwind of the brass aerosol
generator (both generation methods are discussed In Section 2.3). Exposure tests were
started about 2 min following the Initiation of brass-aerosol generation when brass particles I
first circulated the wind tunnel and were present In the test section. Generation of FO aerosols
was begun 3 min before the brass-aerosol generation to allow time for warm-up of the
generator. Target concentrations were generally achieved within the first 5 to 10 min of each
exposure. Test durations ranged from 30 to 480 min, Tests were terminated using Isolation
baffles located at each end of the primary test section. Two minutes before the end of the test, i
aerosol generation was ended, the wind tunnel fan was turned off, Isolation baffles were
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rotated into position, and filtered laboratory air was passed through the test section to flush
residual brass and FO aerosol. Tests were considered ended after wind speed was stopped,
because visible residual aerosol concentrations were flushed from the test section within about
I min.

Effluent from the wind tunnel was cleaned of particulate matter using a HEPA filter
during the BR tests and a 300-drn dual-stage water scrubber during the BR/FO tests. Material
deposited to Inner walls of the wind tunnel was removed using water spray, collected, removed
from the rinse water using filters or separation methods, and disposed.

Table 2.2 shows the environmental and test conditions In the wind tunnel during each
test. Temperature, relative humidity, and wind speed as well as aerosol mass-concentratlon
data were recorded using the computer-control and data-acquisitlon system. Temperature and
relative humidity, excluding the two trial test series, averaged 22.1 1 0.81C and 46 1 2%. Wind
speed was controlled at 0,9, 1.8, 2.7, and 4.5 m/s. Test-to-test variations at each wind speed
averaged 3%. The Influence of relative humidity was Investigated tests BR-03 through -05;
relative humidities were 23, 86, and 45%, respectively. Exposure durations, excluding the trial
tests, ranged from 30 to 480 min. Test BR/FO-08 was terminated after 30 rmin to avoid the
excessive loading observed during the similar BR/FO-07 test.

2.3 ORSCUIRANT (ARROSQL) _ FN RATION

IObsourant aerosols of brass-flake powder and fog oil (FO) mixed with brass (BR/FO)
were generated during exposure tests In the wind tunnel. Brass test material was characterized

by physical density and by scanning electron microscopy. Generation procedures for BR were
developed during the trial tests, In which the Influence of generator operating characteristics and
relative humidity were investigated. Brass aerosol size distributions were measured at two

locations In the wind tunnel. Fog oil was obtained from the same batch used during previous
obscurant tests (Cataldo et al. 1989), Fog oil aerosol-generation procedures were similar to

Sthose used In previous tests, except that the aerosol was generated directly Into the wind tunnel
rather than Into a buffer tank.

S2.3.1 InLMatadal

3 Test material was supplied by the U.S. Army. Brass material was from a batch labeled
E3227. The FO used In all tests was from a 55-gal barrel designated SGF-2-3, Fog Oil, MIL-F
12070B, Type SGF-2, 9150-00-261-7895, Lot #1, DLA Goo-83-C-1284. The FO was stored until

use in a cool room under a nitrogen atmosphere, to prevent oxidation and the possible
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formation of sludge. No discoloration or sludge formation was observed when FO was removed
from the source before the 8/89 BR/FO test series or during the tests. 5
TABLE 2.2. ENVIRONMENTAL CONDITIONS, WIND SPEED, AND EXPOSURE DURATION U

DURING BRASS (BR) AND BRASS/FOG OIL (BR/FO) OBSCURANT TESTS

Relative Wind Exposure I
Temterature Humidity Speed Duration

Test Date (%) (m/s) (mln)

BR-01 12/29/88 23.3*10.5 30:k 7 -0.9 -90
BR.02 12/30/S8 22.3 1 0.2 25 1 3 -0.9 -120
BR.03 1/4/89 24.2:k 0,2 23*: 1 -0.9 132
BR-04 1/5/89 22.1 * 0.4 86:± 3 0.93 ± 0.03 -120
BR-05 3/1/69 21,3 + 0,1 48*1 0.97 ± 0.03 0o I
BR-0 3/1/89 20.4:k:0.1 46: ±1 4.67 ± 0.05 60

BR-07 3/2/89 19.7 * 0.3 44*: 2 2.70 1 0,01 60
BR-0 3/2/89 21.3 0,1 44* 1 0.91 ± 0.03 75
BR-09 3/2/89 21.5 1 0.2 47 k 7 0.91 1 0.03 155
BR-14 3/3089 22.6 ±0.2 53±18 0,89:±:0.03 210
BR-1iS 3/30/89 23.8 ± 0.2 5612 0,74 ± 0,07 00

Ad.WJinda I
BR-10 3/7/89 21.3 ± 0.1 45:*:1 4.49 ± 0.05 s0
SBR-11 3/8/89 21.5 i 0.1 47i 1 2,69 : 0,03 60
OR-12 3/9/89 21.5:k 0,1 46 ± 1 1,77 ± 0,02 s0
BR-13 3M10/89 22,5± 0.1 46 ± 2 0,87:±:0.02 60

FIRBanng Fndin
BR-16 4/4/69 22.4 k 0,2 46 1 2 0.88 ± 0.03 120
BR-17 4/5/89 23.4 * 0.5 47 ± 2 0.89 ± 0.03 240 I
BR-1S 4/10/89 22.2 ± 0.4 485 3 0.87 ± 0.02 360
BR-19 4/11/89 22.8 ± 0.4 46 ±2 0,86 ± 0.02 480

BRRFO Trigist
BR/FO-T1 5/1/89 20.1 ± 0.1 38 : 2 0.58 ± 0.01 s0
BR/FO.T2 8/2/89 21.4 ± 0.1 46 ± 1 1,98 1 0.04 120
BR/FO-T3 8/3/89 22.2 1 0,1 45t± 2 1.81 k 0.02 158
BR/FO-01 814/89 22.4 * 0.2 46 ± 1 1.84 *: 0.03 81 I
BR/FO-02 8/14/89 22.1 ± 0.2 45 ± 1 2.76 ± 0.03 80

BR/FO-03 818/89 22.7 ± 0,1 51 ± 1 0.91 ± 0.02 s0
BR/FO-04 8/15189 21,0 ± 0.2 46 1 1 1.76 ± 0.10 82 i
BR/FO-05 8/15/69 21.8 ± 0.1 44± 3 2.86 5 0.11 60
BR/FO-00 8/16/89 21.1 ± 0.1 47i±2 4,46 ± 0.12 30
BR/FO-07 8/8/69 23.0 ± 0.2 47 ± 1 4,55 ± 0.10 80
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Brass material was characterized physically and by scanning electron microscopy. The

3 bulk density of brass powder was 1.2 g/cm3, and Its packing density was 1.7 g/cm 3. Surveys by
SEM indicated no obvious deformations of the source material caused by the generation
processes. The brass flakes, from the source material,measured as the average flat-face
dimension of the flakes, ranged from < 0.5 to -20 lim, with most flakes apparently ranging
between 5 and 10 gzm; the true number of smaller flakes was not certain, however, because of
their predominate tendency to attach to the top and bottom faces of the larger flakes and thus to
be partially obscured. Flake thickness was 0.5 i 0.25 gim.

2.3.2 Bra.s Aaronal 13anAration

I Brass-flake powder material was generated by a sonic nozzle to disperse the powder in
the air of the wind tunnel. The nozzle consisted of a 0.25-in, stainless-steel tube, through which
the brass powder was pneumatically transferred, surrounded by a concentric annular region,
through which compressed air was expanded. We experimentally determineid the dimensions
of the annular region and the distance beyond the face of the annular region that the 0.25-in.
nozzle extended, The selected configuration was the combination of annulus and tube
extension that provided the greatest amount of static suctlon of the free end of the tube through
which brass powder was fed Into the system. Figure 2.3 Is a schematic sketch of the sonic-
nozzle generator. An "F" drili diameter, 0.257 In,, was used to provide an annular gap of 0,0035
In. The area of the annular region through which the compressed air expanded was therefore
0.0028 In2 (0.018 cm2). The extension of the 0,25-in, tube through the face of the 0.26-in. plate
through which the annulus hole was drilled was set at -0.05 i 0.03 In:

I The sonic nozzle was attached to the top of the wind tunnel and oriented so that the
feed tube was vertical and the delivery spray of brass aerosol was horizontal and In the down-
wind direction. A conical pattern of brass aerosol therefore was generated, expanding as the
cross section of the wind tunnel expanded from 0.4 to 2.3 m2 over a length of 6 m immediately3 downwind of the test section. The aerosol then passed through the first set of turning vanes,
past the downwind location of particle size measurement, through the axial-fan section and
three additional sets of turning vanes, and Into the wind tunnel test section. This generation
procedure allowed the largest particles, floes of agglomerated flakes, to settle under the Influ-
ence of gravity and be removed from the aerosol.

In addition to ,he physical geometry of the brasslfeed tube and the annular region of the
sonic nozzle, operating characteristics of the system Included control of the compressed-air
pressure and brass-powder feed rate. Compressed air was passed at pressure through a flow
meter and both the pressure and flow meter reading were measured: pressure was maintained
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within approximately 3 psi of target values. Pressures ranging from 40 to 95 psig were tested
and were shown to have minor Impact on powder-dispersion effectiveness and aerosol particle
size distribution (particle size was about 0.15 g.m smaller at 90 psi, see Section 3.1).
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FIGURBE2.3. SCHEMATIC OF THE SONIC-NOZZLE AEROSOL GENERATOR DEVELOPEDI
TO DISPERSE BRASS-FLAKE POWDER AS AN OBSCURANT AEROSOL
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Most exposure tests were performed at pressures of 80 to 90 pslg. The Accurate Model
302 powder feeder proved to supply brass powder at a repeatable, nearly steady rate, and was
a great improvement over the early manual tests. The feeder contained an -8-1 powder hopper
and a horizontal screw with a 1:1000 turn-rate control selector. The walls of the hopper agitated
the powder and provided a constant powder head to the screw. The feeder was calibrated for
settings ranging from 100 to 800 and was found to provide brass powder to the funnel at the top
of the vertical feed tube of the sonic nozzle at a repeatable rates of 0.7 to 11 g/mln. Consecutive
measurements Indicated an average powder feed rate repeatability of ~11% (.c 3%). However, a
decrease In feed rate of 0 to 10% per 120 min occurred. This degree of feed-rate stability was
sufficient for generating brass aerosol for exposure tests in the wind tunnel.

I Generation of brass followed similar procedures during each test after the first four trial
tests, when the brass food was provided manually. The static suction of the generator was
determined pre- and post-test to ensure sufficient pneumatic force to convey the brass powder
through the feed tube. The suction was determined by removing the funnel and sealing the top
of the vertical feed tube; a static suction of 10 In,-H 20 was common. The sonic nozzle was
cleaned every several tests, because we observed that microscopic deposits tended to form at
the sonic-flow annulus. This condition did not noticeably affect aerosol-generation effectiveness
when brass was generated singly, The generator was operated at an Increased brass-powder
feed rate during the first 5 to 10 min of tests to provide a rapid build-up of aerosol concentration
In the wind tunnel. The feed rate was then reduced and maintained at a stable rate for the
remainder of each test unless a minor Increase or decrease was required to adjust aerosol
concentration.

I After test BR-09 the potential for resuspenslon of brass particles deposited In the wind
tunnel during previous tests was Investigated. The total amount of brass deposits In the wind3 tunnel at that time was estimated to be -1000 g. Resuspenslon and visible brass-aerosol forma-
tion occurred only at the greatest tested wind speeds (4.5 mWs). At that wind speed the concen-
tratlon of resuspended brass was 8 mg/m 3 , and thus did not contribute significantly to most
generated brass aerosols. This otherwise Invisible aerosol was observed as flecks of light
reflected off of the sparse particles ac they traveled through the He-No laser beam of the trans-
mlssometer mounted In the wind tunnel test section.

2.3.3 Mixed-Bras. and Fog-Oil Aprosol Generatlon

Mixed aerosols of BR/FO were generated by operating both generators at the same3 time, rather than sequentially, as mixed-obscurant aerosols of WP, FO, and HC were generated
during previous tests (Cataldo et Rl., I990b). The brass generator was operated as described
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above, with minor modifications, and the FO generator was operated roughly 6 m downwind,

along the west side of the wind tunnel. The two aerosols thereby were mixed In the wind
tunnel.

Brass-generation rates decreased during early BR/FO wind-speed tests. The feed I
tube of the sonic nozzle was found to be partially plugged with an oily substance mixed with

brass powder. This was attributed either to entrainment of FO droplets In the exit plane of the
sonic nozzle's feed tube (perhaps caused by the structure of turbulence generated by the

expanding air from the annular region) or to the presence of fine oil droplets In the source of

compressed air. Compressed-air filters were serviced and found to be operating normally; this

suggested that FO droplets were likely the cause of the reduced brass transport In the feed
tube. Although the sonic nozzle was disassembled and cleaned prior to all but the first two
(BR/FO-03 and -07) wind speed tests, the clogging problem continued to reduce the concen-

tration of the brass component of the mixed aerosol. A 3-cm-diameter by 10-cm-long plastic

flow guide was attached to the end of the sonic nozzle to prevent backflow reintrainment of FO

aerosol In the BR feed tube, nevertheless, results In the remaining three tests were mixed, and

the clogging problem remained. 3
Fog oil aerosols were generated using the procedure described by Cataldo et al.

(1989). Aerosols of FO liquid were produced by vaporizing the liquid and condensing the I
resulting FO vapors to form micrometer-size droplets, This laboratory method originally was
developed to simulate the method used In the field: vaporization of FO on hot exhaust mani-

folds. Fog-oil liquid was pumped at steady rates from a reservoir onto a 60000 Immersion
heater contained In the Inlet end of a 1-m-long, 2.5-cm-diameter stainless-steel tube, as shown

In Figure 2.4. Vapor from the Immersion heater was then passed through a 300 0C region of the

tube and Into the wind tunnel. The carrier gas was a mixture of 96% nitrogen and 4% air,
representing the low oxygen content of the field generation system (the carrier gas contained I
about 0.8% oxygen). The flow rate of FO liquid Into the generator was controlled using a liquid
pump calibrated between 0,3 and 5 mL/min, The flow rate was maintained at 4 mL/min for the

first -25 min of each test to build up concentration within the wind tunnel and then was
adjusted to a steady rate of 2 mL/min for the remainder of the test.

2.4 OBSCURANT (AEROSOL) CHARACTERIZATION

Brass (BR) and mixed BR/FO aerosols were characterized during each trial and I
exposure test. Measurements were made to provide data on the aerosol mass concentratlon,

and chemical analyses of data provided information on the chemical constituents of brass
alone and of mixed aerosols. Particle size distribution was measured during each test, and

special measurements were made to determine the Influence on aerosol particle size 3
2.12 I
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distribution of sonic nozzle aerosol-generator operating conditions, relative humidity, and
distance downwind of the generator. Surrogate-substrate deposition coupons were sus-
pended In the air flow of the wind tunnel to provide information on the rate of deposition, or
deposition velocity, of BR and BR/FO aerosols as Influenced by chemical composition and wind
speed. Procedures for these measurements are discussed In this section, and results are
presented and discussed In Section 3.1. Subsequent sections present additional information3 on chemical characteristics of the material and on test subjects.

1
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3FGR 2II4BZ. TEMPERATURE-CONTROLLED FOG OIL AEROSOL GENERATOR USED IN
CONJUNCTION WITH THE BRASS GENERATOR FOR MIXED SMOKES

3 2.4.1 Aarosol Mass Concentration and Chemical Compositlon.

I The primary method of measuring aerosol mass concentration was to collect represen-
tative samples of the wind tunnel atmosphere on 25-mm glass-fiber filter pads. These samples3 were analyzed gravimetrically, and selected filters were submitted for subsequent analysis for
Zn and Cu. The chemical analyses were especially Important In determining the relative3 concentrations of BR/FO aerosols. Representative samples were obtained Immediately
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downwind of the wind tunnel test section (yet upwind of the two aerosol generators) using a
sharp-edged, straight sampling nozzle having a 0.48-cm diameter and .-1 0-cm length between I
the nozzle tip and the collector. The nozzle was operated lsokinetlcally to effectively sample all
paricles in the aerosols, and the flow rate was controlled so that the velocity within the probe
was nearly equal to that In the surrounding test section. Sample flow rates were controlled I
using calibrated critical-orifice meters. Depending on test length, 6 to 18 aerosol concentration
samples were obtained during each test, excluding the trials. Samples were weighed to ±0.05 3
mg using a Mettler AE163 mass balance. To limit mass loss caused by the slow evaporation
rate of the FO component of the aerosol, masses were obtained 30 to 60 s after the sample
was removed from the wind tunnel during the BR/FO tests. Selected samples were then I
contacted with 5 mL of 6 M HNO 3 and then diluted with 0.01 M HNO 3 for a total solvent volume
of 15.0 mL. i

Measurements of aerosol mass concentration were also made using a He-Ne laser
transmlssometer during each test. Obscuration data also were obtained at the 0.633-nm
wavelength of the laser. The laser beam was propagated horizontally across the test section of
the wind tunnel upwind of the test subjects. These measurements were made to provide, 3
where applicable, a minute-to-minute record of aerosol mass concentration. Measurements
consisted of the ratio of the transmitted versus the emitted laser power, or Intensity, at each
sample Interval and were recorded using the computer control and data acquisition system. I
Although the system did not provide usable data during several of the brass aerosol tests,
because aerosol concentration was less than the detectable limit, the transmissometer pro-
vided usable Information for some BR and all BR/FO tests. To Improve measurement reliability,
an antistatic coating was applied to the Lexan walls of the wind tunnel test section to prevent
particle deposition and resulting attenuation of the laser beam. Because of Its limited effec- I
tveness, data from the transmissometer were not Included In determinations of aerosol mass
concentration. 3

The chemical compositions of BR and BRIFO aerosols were measured to provide
Information on three characteristics of the aerosols. First, the ratio of Zn to Cu in the aerosol-
concentration and deposition-coupon samples was determined. Second, the mass of Zn and
Cu was compared to the gross mass measured using the gravimetric procedure. The brass 3
component of aerosol-concentration and deposition-coupon samples was determined by
comparing the mass of Zn and Cu to the total mass collected, the difference being attributed to
the FO component. Third, a few particle size distribution samples were analyzed to provide
Information on the ratio of Zn to Cu and brass to FO at various particle size ranges In the
aerosols. Moisture uptake by brass aerosols was not anticipated. Samples from test BR-04 3
(86% relative humidity) were checked, and were found not to contain measurable moisture
levels. 3
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2.4.2 erosol Particle Size Distribution

I It is Important to characterize the particle size aistribution of aerosols generated for
environmental transport and fate studies, because particle size Is the aerosol characteristic
most closely related to transport characteristics for particles greater than 0.1 to 1 Am In diam-
eter. The particle size distribution of an aerosol may be based on particle number frequency,
aerosol mass, or other parameters such as surface area or particle volume. The particle size
distributions of the BR and BR/FO aerosols generated during the current study were character-
Ized by aerodynamic mass median diameter rather than actual physical diameter, because the
aerodynamic diameter provided Information on the Inertial characteristics of the particles.
These characteristics Influenced particle transport through complex flow fields such as those
that existed in the exposed plant canopies and accounted for the large specific gravities and
nonspherical shapes of the particles. Measurements of the aerodynamic characteristics were
especially useful for brass aerosols, because they have relatively larger aerodynamic mass
median sizes (about 5 Atm) compared with the aerodynamic mass median sizes of other
obscurant materials such as RP/BR, WP, FO, and HC (-1.5 to 3 Am).

I The size distributions of BR and BFk/FO aerosols were measured using eight-stage

Andersen ambient-style cascade Impactors operated at approximately 24,5 Lpm. The Impact-
Uors classified the sampled aerosols into nine different particle size categories, ranging approxi-

mately from 0.5 to 10 A.m, a range encompassing nearly all of the mass of the sampled aero-
sole. Samples were drawn from the wind tunnel a distance of about 4 m upwind of the test

section. In a low velocity region of the wind tunnel selected to minimize particle sampling
losses at the Inlet of the Impactors. The Inlets of the impactors were modified with a 1.9-cm-I diameter, 15-cm-long Inlet tube that was shaped In a gradual bend of 900. Particulate matter
was collected on stages within the Impactors, on pro-weighed 81 -mm glass-fiber-filter sub-
strate. Each Impactor stage was analyzed gravimetrically, and one set of samples was sub-SI
mitted for chemical analysis. Losses associated with sampling the aerosols were documented
by comparing the aerosol concentration obtained by analysis of the Impactor samples to that
determined by the Isoklnetic aerosol samples.

3 Samples of aerosol particle size distribution usually were obtained during the middle
portions of each test, and therefore were similar. However, samplos also were obtained to
provide Information on the influence on particle size distribution of aerosol-generator charac-

Iterlstics such as operating air pressure and test conditions such as wind speed and relative
humidity. One measurement was also made In the settling plume from the sonic nozzle to3 provide a measure of the aerosol before large agglomerated particles were lost In the return

section of the wind tunnel.

I
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2.4.3 Brans and Mixed Brass and Fog Oil Partlele-.Deoaltlon Velocitles

The rate of particle deposition, or deposition velocity, to surrogate surfaces was meas-
ured to compare it with deposition velocities to plant and soil samples. Typically, eight 47-mm
glass-fiber-filter substrates were suspended horizontally in the wind tunnel test section, I
sandwiched behind and between the coils of two "l-cm-diameter springs. The deposition
coupons were suspended at a location upwind of the test subjects. The coupons were located I
at elevations of 10 to 50 om above the floor of the test section. Deposition coupons were
weighed before and after each test. Selected coupons were then submitted for chemical
analysis. Deposition velocity was detwemined for each sample using the equation Ud 0 (1.667 I
x 104) x ( M x A) / (Cm x At), where Ud Is the deposition velocity in am/s, M Is the mass depos-
Ited to the sample in mg, A Is the surface area of the deposition coupons, In cm2 , and Cm Is the
average aerosol mass concentration In mg/m3 throughout the test duration At, In min. Surface
area was determined to be 34 cm2 , the area of the top and bottom of the filter surface less the
area estimated to have been covered by the springs' coils. Although deposits of BR/FO aero- II
sols were especially heavy on the thin leading edge of the coupons to represent as closely as
possible the method used for determining the deposition rate to plant leaves the surface area 3
used In calculations Included both top and bottom areas of tho coupons.

2.5 CHARACTERIZATION OF BRASS m
2.5.1 Chemical QlhareoterIzatlon of Brass Flake

Brass flake material, labeled E3227, was used for all brass-analysis and soil-
amendment studies In addition to the aerosol tests. Repeated leaching of brass allquots for
organic coatings with CHCI3 resulted In only minor weight loss (<0.1%), though the organic
was not absolutely characterized quantified. Moisture sorbed to the brass was negligible
(<0.1%), by oven-drying. Direct dissolution of the brass was visually complete in HNO 3

concentrations of 1 M and greater; however, there was a mRss Imbalance of 8% In I M HNO 3

and an Imbalance of 19% In an aliquot initially dissolved in 6 M HNO 3 and then diluted (withi3
delonized water) to 2 M HNO 3 . Since white particulate was evident, we attributed the mass
loss to precipitatlon/sorption processes accelerated by the aqueous-dilution step. Later

digestion dilutions were performed using 0.1 M HNO 3 additions.

Single aliquots of brass (similar to those amended to soil, but without soil) were con-
tact3d with H2 0, 0.01 M HNO 3 , and 0.1 M HNO 3 to compare extraction efficiency. The water-

only sample was analyzed for dissolved organic carbon. It showed negligible water-soluble
organic carbon, as expected from the lack of solubility of stearic and palmItic acids In water.
Both the 0.01 and 0.1 M HNO 3 leachings of brass showed total consumption of the acid, while

I
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the pH of the I M solution was only roughly determined as -0.3, or -0.5 M acid remaining.5 This means that out of the 1 M solution, assuming the brass Is taken to Cu and Zn (11), -3.1
mmoles acid was required out of a total available (in the 1 M HNO 3 extraction) of 10 mmoles.
Thus, 1.5 mmoles of acid was consumed by reactions other than simple dissolution of the
brass.

1 2.5.2 Diggatlon and ExtractIon of grass and Eraua Contained In Matrieos

Total digestion of brass was done in triplicate by concentrated-nitric-acid digestion In
Teflon-lined sealed (Parr) bombs heated at 1400C for 16 h. Samples of 0.75 g of amended
soils, contaminated plant tissues, and aerosol samples were digested in 2.5 mL concentratedI (Baker Ultrex) HNO 3 for 16 h, cooled, and diluted with 0.1 M HNO 3 to 20 mL final volume
before analysis for Cu and Zn by ICAR As a check on extraction efficiency, a subset of soils
was also analyzed using only 0.5 g soil to Increase the acid-to-soil ratio and to compare with
the limited digestions of the highest-amended soils at the time of preparation, The limited
sample size required a well-dispersed Initial soil mixture, and was the first test of the mixing
efficiency In the pot preparations.

The mass Imbalance by this approach was 5.9±0,2%. Minor components found were
Al (0.2740.03%) and Fe (0,59"0.01%). Major distribution was Cu at 67.940.2% and Zn at
25.340.1%, based on total dlgesteo mass. For ease In relating subsequent analyses, If we
Ignore the m;nor components and assume recovery was complete, then the percent Cu based
on the total recovery of Cu plus Zn would be 72.940.5% and that of Zn would be 27,110.5%.
The expected values as stated In the literature (Wentel et al. 1 986c) were -70% Cu, -30% Zn,
and <1% minor Impurities.

1 2.5.3 Soil Extraction Mathods

Exchangeable, organically bound, and Inorganically bound Cu and Zn were deter-
mined generally following the procedure of McLaren and Crawford (1973), as Implemented by
Wentsel and Guelta (1986b). The detection limits by ICAP for Cu and Zn are 4 and 20 ppb In3 solution, respectively, In undiluted simple matrices; the Interferences caused by the selective
extraction solutions generally were handled by simple dilution, which results In a correspond-
Ing Increase In true minimum detection limit, Carry-over from one step to the next was deter-
mined entirely by mass balance, rather than rinsing, as recommended by Sposito et al. (1982).
A 0.75 g aliquot of soil was contacted with 30 mL of 0.1 M K4 P2 0 7 with shaking overnight; a3 separate 1.5 g aliquot was contacted with 30 mL 0.01 M CaCI 2 for 24 h, separated, and the
residue contacted with 30 mL 2.5% acetic acid for 24 h. Residual metal component was deter-3 mined by acid digestion of the dried residues (from both the K4 P2 0 7 and the CaCI2 and acetic
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acid extraction sequences) In Teflon-lined (Parr) bombs, similar to the analysis for total brass in
the amended soils. Since we were Interested primarily In available Cu and Zn, we did not 3
classify the residual metals In terms of oxide, crystalline, or silicate mineral structures. The
portion extracted in CaCI2 Is termed exchangeable; that found In the acetic acid fraction, after
correction for residual CaCI2 , Is termed inorganically bound; the difference between the
K4 P2 07 -extracted metals and the sum of the exchangeable and Inorganically bound
components Is termed organically bound. 3

Hot-water extraction of soil :,.'tjuots used a 20:1 solution-to-soil ratio (0.75 g/15 mL) In
a Teflon-lined (Parr) bomb held at 1040C for 8 h and cooled prior to opening, This Is a
preferred method for evaluating bloavailable concentrations of Ions In soil. Another method of
choice, because It causes no Intrusive chemical changes to the soil system, Is direct pore- 5
water analysis, Basically, this method Involves displacing unbound water from soils using a
nonmiscible medium (freon, In this Instance), Its drawback is that It lacks suitable sample size

for detailed chemical analysis.

2.6 PREPARATION AND CHARACTERIZATION OF SOILS

2.8.1 Sall CharaitmrlAtlaic

Soils used In the study were as follows: 1) Burbank fresh (collected 1988), 2) Palouse
(collected 1988), 3) Palouse plus organic matter (0.22% alfalfa), and 4) Clnebar (1988 batch).
All soils were air-dried and sieved (<2 mm) to preserve the biological activity In the fresh soils;
the degree of air-drying of the 1988 collections were not air-dried to complete dryness.

Selected properties of the soils are listed In Table 2.3. The effect of brass flake on
soil microbial properties was Investigated In three studies of four soils. The four soils used In
these studies were 1) Burbank: Burbank sandy loam (sandy, skeletal, mixed, xeric,
Torriorthent), a soil representing the desert areas of Washington, Oregon, and Idaho and !

I
I
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TALE 2.3. SELECTED PROPERTIES OF SOILS USED IN THE STUDY OF
BRASS EFFECTS

Burbank Palouse Cinebar
Soil Property Sandy Loam Silt Loam Clay Loam

% Sand 45.1 1.1 35.2
% Slit 51.4 77.5 51.4
% Clay 4.0 21.4 13.4

S% Ash 98.0 93.8 nd(A)
pH (at 100% field capacity) 7.4 5.4 5.8
Organic carbon (%) 0.5 1.7 7.2
Sulfur ( %) 0.053 0.043 nd
Nitrogen (%) 0.061 0.18 0.44
Total P (1gg/g) 2400 3770 3400
Phosphate-P (gg/g) 4.8 5.8 28
Carbonate/Bloarbonate (%) <0.1 <0.1
Ammonlum-N (jig/g) 6.1 18.3 15
CEO (meq/100 g) 5.5 23.8 38.2

(a) nd a not determined

having a low cation-exchange capacity (CEC), low organic matter (OM), and a pH of 7 to 7.5;

2) Clnebar: Cinebar clay loam, a Washington forest soil from the Cascade Mountain Range
and having high OM and CEC and a pH of 5.5 to 6; 3) Palouse: Palouse silt loam (fine-silty,

mixed, mesic, Pachlo Ultic Haploxeroll), a soil typifying agricultural soils of eastern
Washington, Idaho, and eastern Oregon and having moderate CEC and OM and a pH of 5.4;
and 4) Palouse + OM: Palouse soil amended with 0.22/. (w/w) dried alfalfa (ground and
sieved through a 60-mesh screen).

A long-term pot study of brass-flake weathering was Initiated In July 1988. The four
soils described above were amended with 0, 25, 100, 500, and 2500 p.g brass flake/g oven-

dried soil, and brought to -0.03 MPa water potential (approximately 66% of field moisture

capacity) with distilled water. Soils were placed In plastic-lined pint cartons and covered with
I black polyethylene beads to minimize surface evaporation and were incubated at ambient

temperature In the greenhouse. The greenhouse was kept at 12.80 C (day) and 4.40C (night)
3 during winter months and 26.72C (day) and 18.30C (night) during summer months, with a 12-h

day/night cycle.

I
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2,8.2 Brass Amendment and Incubatlon

Air-drlIed soils were mixed with brass to the highest target concentration (2600 gg/g
soil, on an oven-dry basis) and then subsampled for dilution to the next concentration
(500 Ig/g) with additional soil before being brought to -66% of field capacity with glass- I
distilled water. Similarly, sequential dilutions were used to prepare the lower amendment
concentrations. AlIquots ot both air-dried and moistened soils were reserved for analysis, and 3
the remainder was potted Into plastic-lined pint cartons and covered with poly beads to
minimize surface evaporation. Target weight In the cartons was 400 g soil (oven-dried);
however, CInebar soil equivalent to only about 340 g would fit In the pot.

The reserved soil allquots were checked for percent moisture -and the pot weights then
readjusted to reflect the target moisture level. The redetermined %moisture In the air-dried
soils was also used In the calculated brass concentration. Percent moistures In Burbank,
Clnebar, Palouse and Palouse + OlMA were 0.69, 8, 13, and 13%, respectively. This step was
necessitated by the variation In dryhg of the soils during soil storage and during actual
preparation.

The level of brass In the amended fractions was determined by concentrated-nitrlc-
acid digestion of amended soils In sealed Teflon-lined (Parr) bombs. Native Cu and Zn, as
determined In digestions of unamended soils, must be subtracted from the digestion results of
amended soils. For these studies, we have calculated the amount of brass recovery to be the
sum of Cu and Zn alone, neglecting the contribution of minor components (<1%); a calculated
value of 99% of target would, therefore, be total agreement. After background correction, the
amount of brass recovered by acid digestion, as a percent of target, averages 92% over all soil
types and amendment concentrations. The percent Cu of the sum of Cu and Zn contribution
averages 73.6% overall. This Is consistent with the average of 72.9% In the brass-only Parr I
bomb digests, as described earlier.

2.6.3 Soil Column Studlem I
To determine the relative mobility of brass-flake constituents in soil, a series of

2.45- x 20-cm columns were packed to a depth of 16 cm with different soil types: Burbank,
Cinebar, Palouse, and Palouse + OM. The columns were brought to 95% field water saturation
once weekly with synthetic rainwater (Van Voris et al. 1987). The Burbank, Palouse, Palouse +
OM, and Clnebar soils were watered with pH 6.5 rainwater, while additional columns of
Cinebar and cecil were watered with pH 4.5 rainwater to provide data on the effects of acid
rainfall. The columns were equilibrated with the artificial rainwater for 4 weeks before
"activated" brass-flake amendment. For amendment, a 0.5-cm lens of brass flake
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(2.81 g/olumn) containing 7.5 mg (0.24-MBq 65Zn) of neutron-activated brass flake (specific3 activity 23.42 MBq $sZn/g brass) was layered to the top of each soil column.

Following amendment, the columns were watered weekly for 48 weeks, during which
the column eluants were collected and counted In a gamma counter (Model 5530, Packard
Instruments, Downers Grove, Illinois) to determine whether any of the brass had leached
through. In addition, the columns were scanned with a Gamma probe (Model 44.2 and Model
2200 scaler ratemeter, Ludlum Instruments, Sweetwater, Texas) at three times over the course
of the experiment (dates given In text) to determine If 65Zn In the brass lens had moved down
Into the column.

1 2,7 PLANT AND SOIL SELECTION AND PLANT CULTIVATION

2.7,1 Plant SaiactIoo and Cultivation

The native species sagebrush, ponderosa pine, and short-needle pine are found
associated with different training environments throughout the United States or are used In
revegetation, while bush bean (used as a sensitive Indicator species for soft crops), the pines,
and fescue are Important agronomic species found adjacent to many training Installations.
Plant sources and characteristics are as follows:

I Big Sagebrush (Artarn trldmntt, vaseyana). A medium-size, perennial shrub
found over vast expanses of the arid and semiarid western states. It grows in
relatively harsh environments on alkaline soils and at elevations from sea level to

17000 ft. Source: Native Plants Inc., Sandy, Utah. Age: 2-year-old seedlings.

-| Ponderosa Pine (Pinus pondaroaa). A large coniferous-forest species common to
western North America, It grows at a range of elevations and Is relatively tolerant to
drought. It requires moderate soil fertility. Source: MacHugh Nursery, Eltopla,
Washington. Age: 2-year-old seedlings.

a Short-Needle Pine (Pinujj •cln). A coniferous tree Indigenous to the
southeastern United States. This variety Is used extensively In reforestation.
Source: J.P. Rhody Nursery, GIlbertavllle, Kentucky. Age: 2-year-old seedlings.

a Tall Fescue (FM al). A perennial, cool-season bunchgrass that grows well
on dry or wet, alkaline or acid soils. It has a rather ubiquitous range. Source:

Native Plants Inc., Sandy, Utah. Grown from seed.
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Bush Bean (Phitaolun vulgarla, tendergreen). An agronomic species that Is
relatively sensitive to chemical Insults, based on previous experience. Source: 3
W.A. Burpee and Co., Chicago, Illinois. Grown from seed.

These five species provided a range of canopy type, cuticular structure, and thickness. U
They were suitable for evaluating phytotoxic responses to obscurant smokes and for
evaluating deposition velocity under a range of environmental conditions. Ponderosa pine, 3
short needle pine, and sagebrush were maintained In the greenhouse before use. These
species were allowed to go dormant In the fall; In December, the greenhouse temperature was
Increased and photoperlod was adjustud artificially to break dormancy. Before their experi- I
mental use In the ,pring, groups of these plants were transferred to growth chambers, where
they were allowed to equilibrate for 30 days at day/night temperatures of 320C/21 00, a 16.h 3
photoperlod (approximately 500 mE M"2 

5 "1, PAR, at leaf surface), and 50% relative humidity.
Bush bean was planted and grown In growth chambers under the same conditions. Tall fescue
was grown from seed and maintained at day/night temperatures of 270/1 50C, a IO-h 3I
photoperiod (approximately 500 mE M"2 8"1, PAR, at leaf surface), and 50% relative humidity.

Both pine species were grown on a commercially available loam soil, while the
sagebrush, tall fescue, and bush bean were grown on Burbank silt-sand. The latter were used
to evaluate direct foilar-contact toxicity, and at no time was the soil of these test systems I
exposed to brass.

2.8 PLANT/SOIL M:ASULRREMNTS i

2.8.1 roilar.Contact Taxltly Rapgonuem 5
In evaluating direct foilar-contact toxicity, plant canopies were exposed to smokes 3

under a range of concentrations, times, and atmospheric conditions. In all cases, soils were
Isolated from canopies by bagging the soil containers at the lower plant stem to preclude any
Indirect effects from soil contamination. All foilar exposures were conducted In the illuminated I
portion of the wind tunnel taut section. I

Toxicity responses (those that are readily visualized or phenotypic) from direct contact
of smokes with foilar surfaces were evaluated using a modified Daubenmlre (1959) rating

scale (Table 2.4). This nonparametric approach provides a rapid comparison of gross

2U
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TABlLE 2.. CODING FOR MODIFIED DAUBENMIRE RATING SCALE AND ASSOCIATED3 PHVTOTOXICITY SYMPTOMS

Symptom/Intensity Description

Mgdlfied Dauharimira Rating Siala
0 no obvious offsects ever controlsI1 5% of plant foliage affected
2 5% to 25% of foliage affected
3 25% to 50% of foliage affected
4 50% to 75% of foliage affected5 755o9%o olaeafce

a 975% to 105% of foliage affected
Phenotyple Roaggrnmom

011A old growth affected
NGA new growth affected

OINGA old and new growth affected
TB leaf tip or edge burnILB lo5tat burn and leaf drop
NS necrotic spotting
WL leaf abscission or needle drop

ON ohloroalaI D blade dleback
1.0 leaf curl
W wiNing
OD growing tip diaback

D plant death
F/SA floral or seed/fruit abortion
(Value) Indioates the length, In centimeters, that needles

or leaves exhibit dieback or burn

toxicity, and Its relative Intensity with time of post-exposure. Grasses that were harvested 3 toI ~4 weeks after exposure (direct-canopy effecs) were permitted to regrow through one or more
subsequent harvests, and dry matter production was monitored. Regrowth and monitoring3 ~allows any residual plant effects resulting from follar abso~rption and root accumulation of
smoke components to be evaluated.

I2.8.2 Prnta~inthataMs1g.MiM ramants

3 jflirrard Gill Analyznr (IFIGA' Mgaaurpmanta, Thu exohange of Co. 2 from the plants
can be measured by an IRGA. A gas-analysis systemn was constructed In the wind tunnel3 ~facility; a simplified scheimatic of Its components Is givon In Figure 2.5.
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FIGURE2.5 SCHEMATIC DIAGRAM OF GAS-EXCHANGE SYSTEM USED IN MAKING

NET-PHOTOSYNTHETIC AND DARK-RESPIRAT!ON MEASUREMENTS I
A Horlba Model PIR2000 IRGA In the absolute configuration was used to measure

differences In CO 2 concentration (.L/L, between air that had passed through the plant I
chamber and the original filtered outside air. To minimize environmental differences, the
cylindrical plexlglass plant chamber (45 ./cm 3 ) was placed In the same large growth chamber 3
in which the plants were maintained during the exposure series. Plant-chamber temperature
was maintained within 1;1 °C of that of the growth chamber. Light intensity at canopy level in

the plant chamber was -95% of that of the growth chamber (400 A.E rn- 2 s-'). Flow rates (10
LJmin) and back pressures were used to calculate rates of net carbon exchange (NCE) (l4mol

C02 /second/plant). Individual plants were measured before exposure and at various times 3
during the experiment, Control plants not exposed to brass flake were also measured
intermittently over this period to provide a point of reference. 3
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2.8.3 OQuantilation of :xpoaoure/Doa

U To evaluate plant-toxioity responses to airborne contaminants, one needs a basis for
Intercomparing treatments and variables, To provide a specific dose value for each plant, In all

3 of the toxicity studies the point of reference Is the mass-loading value or exposure dose, as
opposed to air concentration or exposure duration. The mass-loading rate Is determined byg measuring the amount of brass deposited to a unit area or weight of foliage.

Brass-flake foilar mass loading was determined by removing exposed follar tissue3 randomly from the plants, placing the tissue in a nylon mesh bag, and washing off the loose
flake with a mixture of -20% (vNv) ethanol:0.4% TWeen 20:80% water and filtering the leachate
through a fiber glass filter In a buchner funnel. The washed leaf tissue and the glass-filter pad
were then separately extracted with 1 N nitric acid and analyzed for Ou and Zn through ICAP
The data were then combined. Additional analysis of the leachate following filtration showed

3 that all of the material was trapped in the filter.

Mass loading to soils was estimated from loading to soil coupons, following which
samples of known surface area were extracted and analyzed for Cu and Zn with the proper
controls, Intorception efficiency based on type of receptor surface (namely the type of canopy
struoture)were quantified from computed deposition velocities. The velocities are calculated
from the air concentration, exposure duration, and the quantity of brass flake deposited per unit
surface area. Deposition-velocity results were compared for exposure variables, Including
duration and wind speed.

3 2.8.4 Pat.lExpoaurn RImulatad Rainfall

The Intensity of phytotoxic responses to foilar contaminants can be modified by the
presence or absence of surface moisture. Immediately following exposure, subsets of exposed
plants were subjected to a simulated rainfall (Figure 2.6) equivalent to 1.0 cm, as described In
Cataldo et al. (1981). Simulated rainfall allowed us to evaluate both the ameliorating effects of
foilar surface wash-off and any Intensification of effects caused by Increased foilar uptake3 resulting from the presence of surface moisture.

I
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2.9 MICROBIAL METHODS

The effect of long-term brass weathering on soil microbial parameters was studied.
Aliquots of soils for microbial assays were taken out of the greenhouse In late November 1988
(150 days), March 1989 (270 days), and September 1989 (420 days). Soil samples for
microbial analysis were stored at 400 for less than 2 weeks, before microbial assays were
performed. Soil moisture contents were also determined (110°C, 48 h) to calculate a soil dry
weight and to allow results to be reported based on gram dry weight of soil.

3 A short-term brass-flake Incubation study was performed In July 1989. Soils were
amended with brass flake and brought to the desired water potential In the same manner as In
the long-term pot studies. Soils were then Incubated at ambient room temperature (220C) until

being assayed for microbial effects at 4 and 28 days.

3 A third study was performed in August 1989, In conjunction with the mixed-brass-and-
fog-oil (BR/FO) aerosols In a wind tunnel under varied wind speeds, Distilled water was added
to large petrl dishes (150 x 15 mm) containing 50 g of air-dried soil to bring the water potential
of the soil to -0.03 MPa. Soils were exposed to the BR/FO mixed smoke for I h at wind speeds
of 0.9 mWs (Test# BR/FO-03) and 4.5 m/s (Test# BR/FO-07). Soil moisture lost during each
exposure was measured by weight loss and was replaced by adding delonized water
Immediately after the exposure. Average moisture losses of the four soils were 3.83% and
7.38% for the 0.9 m/s and 4.5 m/s exposures, respectively. Soil microbial assays were

performed Immediately after the exposure and again after a 28-day Incubation at ambient
laboratory temperature (2200).

Soil dehydrogenase activity was assayed by a modification of the procedure of
Tabatabai (1982). Aliquots of soil (1.5 g wet weight) were mixed with 0.015 g CaCO 3, 0.3 mL

of 1% glucose, and 0.25 mL of the substrate, 2,3,5-triphenyltetrazollum chloride (3% w/v). After

incubation at 220C for 24 h, 10 mL of methanol was added to the soil to stop the reaction and
to extract the product, 2,3,5-triphenylformazan (TPF). The solution was mixed thoroughly,
centrifuged at 12,000 x g for 10 min, and the absorbance of the supernatant determined at

S485 nm on a Beckman DU-50 spectrophotometer. Soil dehydrogenase activity, expressed as
micrograms TPF produced per gram of dry soil per 24 h, was determined by comparing
absorbence values to a standard curve prepared with reagent-grade TPF and methanol.

Soil phosphatases activity was determined by a modification of the procedure of
Tabatabal (1982) for acid phosphatase. One gram of soil was placed In 15-mL centrifuge

tubes with 4 mL of modified universal buffer (MUB), which consists of 0.605 g tris (hydroxy-
methyl) amino methane, 0.580 g maleic acid, 0.70 g citric acid, 0.341 g boric acid, and 24.4 mL
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1 M NaOH, in 250 mL final volume with the pH adjusted to 6.50. One milliliter of the substrate,
p-nitropheno, phosphate (0.025 M prepared with MUB buffer), was added to each tube. The 3
tubes were stoppered, vortexed, and incubated for one hour at 370C. One milliliter of 0.5 M
CaCI 2 and 4 mL of 0.5 M NaOH were added to the tubes to stop the reaction., The mixtures
were centrifuged at 12,000 x g for 10 min, and the absorbance of supernatant was determined
at 400 nm with a spectrophotometer. Phosphatase activity, expressed as micrograms of
p-nitrophenol produced per gram soil per hour, was determined by comparing absorbence
values to a standard curve prepared with reagent-grade p-nitrophenol.

A modification of the procedure of Parkinson and Paul (1982) was used to determine I
the amount of adenosine 5'-trlphosphate (ATP) In soil. One gram of soil was placed In a 50-mL
centrifuge tube with 5 mL of 0.5 M NaHCO 3 (pH 8.5) and 15 mL chloroform. The tubes were 3
stoppered and vortexed on high speed for 15 s. Another 7.5 mL of 0.5 M NaHCO3 was added
to the tube, which was vortexed for an additional 15 s. The mixtures were centrifuged at
3500 x g for 5 min at 2°C. An aliquot of the top aqueous phase (approximately 5 mL) was 3
removed without disturbing the lower chloroform and soil phases and transferred to a 10-mL
tube. Traces of chloroform were removed from the extract by connecting tubes to a vacuum-3
and Incubating the extract in a 600C water bath for at least 1 min or until the larger chloroform
bubbles disappeared. The tubes were sealed with parafilm and stored at -400C until analysis,
The ATP content was determined by adding 0.1 mL of sample, 0.4 mL of 0.1 M tri 3
(hydroxymethyl) amino methane (TRIS) (pH 7.8), and 0,1 mL of luclferin-luciferase (ATP
monitoring reagent, LKBiWallace catalog#1243-200) to the ATP tube (as supplied by the
manufacturer) and measuring the light Intensity emitted from the reaction by a photometer
(Pharmacla LKB/Wallace Model 1251 Luminometer). Since the intensity of light emitted is

proportional to the concentration of ATP, the ATP concentration In the soil extracts were I
determined from an ATP standard curve. The ATP standard curve was constructed using
reagent-grade ATP dissolved In 0.5 M NaHCO 3 (pH 8.5) and 0.1 M TRIS In the same 3
proportions described above.

All soil dehydrogenase and phosphatase activities and soil ATP concentrations were
measured In triplicate. Mean values were compared with that of the control (unexposed) soil
and results were expressed as a percent of the control.

Soil microbial-species diversity was determined by the procedure of Atlas (1 984a) and
Atlas and Bartha (1987). Total heterotrophic bacteria were counted on Dlfcoo nutrient-agar
plates. The species diversity index was then determined by counting the different types of
colonies and the number of each colony type. A widely used measure of species diversity Is

W D Is a registered trademark of Dfoo Laboratory, Detroit, Michigan.
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the Shannon-Weaver Index (H), which Is a general diversity Index sensitive both to species3 richness and to relative species abundance. It Is calculated according to the equation

r CH - C x (N IogIoN - In, Ioglonl)/N

.1 where C - 3.3219

N - # of Individuals
ni = # of Individuals In the jth species

Soil nitrifying bacteria were enumerated by the microtechnique for most-probable-
number (Rowe et al. 1977) using media described by Alexander and Clark (1965). Ammonium
- calcium carbonate medium for Nitrosomonas sp. type microorganisms consisted of 0.5 g
(NH4) 2SO 4, 1,0 g K2HPO 4, 0.03 g FeSO4 :7H20, 0.3 g NaCI, 0.3 g MgSO 4 :7H 20, and 7.5 g
CaCO3 in 1000 mL distilled water. Nitrite - calcium carbonate medium for Nitrobactersp. type
microorganisms consisted of 0.006 g KNO 2 1 1.0 . K2 HPO4, 0.03 g FeSO4 :7H20, 0.3 g NaCI,
0.1 g MgSO 4 :7-1 20, 0.3 g CaCi2 , and 1.0 g CaCO3 in 1000 mL distilled water. The media
were autoclaved at 121IC with 15 lb pressure fOr 30 mln. Aliquots (0.4 mL) were transferred to
30 minitubes. A 10-fold serial dilution of soil was prepared with sterile 0.85% saline solution.
Five tubes were Inoculated with 0.1 mL of I0"1 through 10-6 dilutions, with five replicates at
each dilution. After incubation for 6 weeks at room temperature in the dark, tubes containing
ammonium-calclum carbonate medium for Nltrosomonas sp. were tested for the presence of
nitrite and/or nitrate, using the modified Grless-Illoevay and nitrate spot-test reagents described
by Schmidt and Belser (1982). Positive tests for nitrite/nitrate in these tubes indicate the
presence of Nitrosomonas sp. Tubes containing nitrite - calcium carbonate medium were
tested for nitrite. A negative test Irdicatod the presence of Nitrobactersp, Populations of both
groups of nitrifying bacteria were calculated using a most-probable-number (MPN) table
(Alexander 1982) and were presented as the log 1 0 of the M PN per gram of dry soil.

2.10 SOIL-INVERTEBRATE ASSAY

, An earthworm (Elsenla fetide) bioassay system was used to elucidate the toxicity of
the brass constituents. An artificial soil containing 350 g sand, 100 g kaolin, and 50 g dried
peat moss (adjusted to pH 6.5 with CaCO3 ), was used both for culture and for the earthworm
exposures. Worms were fed twice weekly with fermented alfalfa, and soil moisture was
adjusted to 35% of dry weight. Exposure tests used 80 g of the artificial soil (placed In 100- x
25-mm petri plates) containing five mature worms. Three replicate plates were used for each
test series, as noted In the text. The tests were terminated after 14 days, and effects were
observed over this period. Effects scored included earthworm mortality and simple response
to physical stimulus (touching), Mass loading or dose was determined on similar soil plates3 without worms.
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3.0 RESULTS AND DISCUSSION

The environmental fate and effects of brass were investigated for the two principal
routes of biological exposure, airborne deposition of brass and brass/fog-oil obscurant
mixtures and brass weathering In soil, Soils were amended to simulate weathering and
potential Impacts from deposition, Aerosols containing brass were generated and charac-3 terized, and deposition both to follar surfaces and to soils was determined. Impacts of
deposited brass were assessed based on their contact toxicity to vegetation. Soil amend
ment studies were performed to ascertain weathering rates and to determine the effects of
different brass concentrations on plant growth and on soil microbial processes. In addition,
soil columns were used to determine whether brass weathering influenced the migration of3 Cu and Zn through soil profiles.

1 3.1 OBSCURANT (AEROSOL) CHARACTERIZATION

Brass (BR) and brass/fog oil (BR/FO) aerosol obscurants were characterized during
each test to provide data for determinIning applied doses and calculating particulate-matter
deposition rates, or deposition velocities. These data supported three series of plant, soil,
and soil-microbiological exposures to BR and BR/FO aerosols in the wind tunnel, Aerosol
data were obtained on the chemical composition of the aerosols, aerosol mass concentra-
tion, and concentrations of constituent fractions of the aerosols; aerodynamic particle size
distribution; and deposition velocities to surrogate surfaces suspended In the wind tunnel test
section.

3 3.1.1 Aersol Mas Coneantration and Chemical CgmpoaltJon

Aerosol mass concentration and the mass concentrations of the constituents brass
and brass/fog oil were determined from gravimetric and chemical analysis of aerosol
samples. Generated singly, brass aerosols were close to the target value of 100 mg/m 3 , but
during mixed BR/FO tests, because of recurrent generator failure, the concentrations of BR
aerosol were significantly lower than the target value, The concentration of FO In the BR/FO
aerosols was approximately equal to the 500 mg/m 3 target level.

The first stbp In determining aerosol mass concentrations was to analyze the chemical
composition of the filter and the deposition coupon. Selected samples were submitted for
analysis to provide Information on the percentages of the total collected aerosol masses
consisting of Cu and Zn. Table 3.1 lists all analyzed aerosol samples. Data were corrected
for low background levels of Zn and Cu In the sample rubstrate, but these corrections were
not significant for determining aerosol Ooncentrations. Not shown directly In the table,

1 3.1
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TARLL t. CHEMICAL COMPOSITION OF AEROSOL SAMPLES

Mass Cu Mass Zn Mass Cu Zn Residual
Test Sample (Mg) (mg) (mg) (%) (%) (%)

BR-10 F3 2.65 1.88 0.624 70.9 23.5 5.5
F8 2.75 2.00 0.657 72.7 23.9 3.4

BR-11 F3 2.34 1.61 0.640 68.8 27.4 3.8 I
BR-12 F3 2.39 1.68 0.523 70.3 21.9 7.8

F5 2.22 1.61 0.517 72.5 23.3 4.2
BR.13 F3 1.13 0.834 0,299 73.8 26.5 -0.3

F5 1.14 0.870 0.314 76.3 27.5 .3.9
BR/FO-03 F5 6.08 0.122 0.043 2.0 0.7 97.3

FS 6.07 0.068 0.023 1.1 0.4 98.5
BR/FO.04 F1 3.23 0.287 0.115 8.9 3.5 87.6

F2 6.70 0.169 0.074 3.3 1.3 95.4
F3 6.68 0.205 0.082 3.1 1.2 95.7
F4 6.30 0.216 0.080 3.4 1.3 95.3
FS 6.05 0.164 0.060 2.7 1 .0 96.3
F6 5.93 0.066 0.022 1,1 0,4 98.5

BR/FOC-0 F1 3.63 0.371 0,132 10,2 3.6 86,2 I
F2 5,43 0.230 0,074 4,2 1,4 94,4
F3 5.88 0.204 0.065 3.5 1.1 95.4
R4 5.42 0.212 0.068 3.9 1.3 94.8
FP 5.19 0.198 0.062 3,8 1.2 95,0 I
F6 5.22 0.223 £.073 4.3 1.4 94.3

BR/FO.06 F1 2.62 0.287 0.093 11.0 3.5 85.5
F2 3.24 0.138 0,043 4.3 1.3 94.4
F3 3.87 0.110 0,037 2.8 0.9 96.2
F4 4.24 0,114 0.038 2.7 0.9 96.4
FS 4.28 0.114 0,037 2.7 0.9 96.5
F6 3.83 0.110 0.036 2.9 0.9 96.2

BR/FO-07 F1 4.31 0.772 0,282 17.9 6.5 75.5
F2 6.57 0.627 0.221 9.5 3.4 87.1 I
F3 7.15 0.636 0.213 8.9 3.0 88.1
F4 6.59 0.631 0.214 9.6 3.2 8712
F5 6.25 0.653 0.217 10.4 3,5 86.1
F6 5.66 0.388 0.132 6.9 2.3 90.8 IBR-10 DC3 8.25 5.22 1.96 63.3 24.0 12.7

DC7 6.79 3.84 1.40 56.6 20.0 22.8
BR-11 DC3 4.55 2.60 0,895 57.1 19.7 23.2

DC7 4.65 2.44 0.843 52.5 18.1 29.4 I
BR-12 DC3 3.32 1.78 0.588 83.6 17.7 28.7

DC7 3.30 2.02 0.684 61.2 20.7 18.1
BR-13 DC3 2.12 1.22 0.438 57.5 20.7 21.8

DC7 1,68 0.973 0.347 57.9 20.7 21.4
BR/FO-03 DC2 1.97 0.454 0.163 23.0 8.3 68.7

DC4 1.97 0.441 0.159 22.4 8.1 69.5
BR/FO-04 DC2 4.66 0,817 0.298 17.5 6.4 76.1

DC4 4.66 0.829 0,305 17.8 6.5 75.7
BR/FO-05 DC2 10.49 1.804 0.693 17.2 6.6 76.2 I

DC4 9.54 1.661 0.635 17.4 6.7 75.9
BR/FO-06 DC2 11.83 1.579 0.608 13.3 5.1 81.5

DC4 10.63 1.593 0.616 15.0 5.8 79.2
BR/PFO-07 DC2 50.64 10.25 3.666 202 7.2 72.6 I

DC7 54.34 14 45 4,085 21.1 7.5 71.4

I
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the ratio of Cu to the total mass of BR (Cu + Zn) In the aerosol samples was 0.740 ± 0.014.
The difference between the total mass collected and the sum of the Cu and Zn masses, as
percentages, Is listed as residual percentage. Residual perceitage Includes Impurities In the
brass, such as the ..1% of the mass that is stearic acid and other impurities, and also Includes
the mass of FO In samples from the BR/FO tests.

Isokinetlc aerosol filter samples (F In the table) from BR tests had residual levels
ranging from -3.9 to 7.8% of the total collected mass, and averaged 3 ± 4%. The difference
between this residual and the -1% brass Impurities was slight, and was attributed to meas-3 urement errors. No loss of brass mass during sample handling was anticipated, because the
filter deposits were not observed to detach easily from the substrate, In contrast, the residual
levels on the deposition coupon samples (DC on the table) from the BR tests ranged from 13
to 29%, and averaged 22 ± 5%. This residual was not caused by an Increase In the residual
component of the aerosol, but was rather an artifact of the analyses: as the samples were
transferred Into the scintillation vials for subsequent chemical analysis, material was lost,
because the brass deposits to the deposition coupons were not tightly bound, as were the
deposits to the Isokinetic nozzle filter substrate, In summary, the difference between the total
sample mass and the total brass mass in each sample from the BR tests was -1%, the level of
Impurities in the brass source.

I Residual material In aerosol samples from the BR/FO tests was much greater than In
those from the BR tests, because FO was present In the BR/FO aerosol at a concentration
from 4 to 60 times greater than the concentration of brass aerosol, because of the adhesive
characteristics of the FO on the deposition-coupon samples, loss of brass from the samples
during transfer to vials was believed to be minimized. The percentage of brass, as the sum of

Cu and Zn, decreased throughout each BR/FO te•t. Initially, the concentration of brass
ranged from 12 to 24% of the total aerosol mass concentration. However, because clogging3 problems affected the performance of the sonic-nozzle brass-aerosol generator, the rate of
aerosol generation decreased, and the concentration of brass declined during the tests to a
final level ranging from 1.5 to 9% of the total aerosol mass concentration. The average FO
aerosol mass concentrations throughout each test, assumed to be approximately equal to the
residual for the BR/FO tests, ranged from 86 to 95% of the total aerosol mass concentration.

I Aerosol mass-concentration results are summarized In Table 3.2. Wind speed and
exposure durations are Included In the table to provide information required for calculating

Sdeposition velocities to both surrogate and test-subject surfaces. Brass-aerosol mass con-
centratlons ranged from 132 to 177 mg/r, 3 during the BR wind-speed tests, were approxi-
imately 90 mg/m 3 during the BR range-fil'ding tests, and ranged from 19 to 83 during the
BR/FO wind-speed tests. Uncertainty limits in determining aerosol mass concentration were
estimated to be less than 7% from potential errors In aerosol-sample air-flow rates and

I 3.3
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gravimetrlc procedures. Uncertainty limits for the brass concentrations were somewhat
greater, because of uncertainties associated with measuring the decrease in brass-aerosol
mass concentration that occurred as the brass-aerosol generator gradually became clogged
during the BRIFO wind-speed tests. 3

TABLE 2.2. AVERAGE AEROSOL MASS CONCENTRATIONS DURING EXPOSURE TESTS 3
Wind Exposure Mass BR FO

Speed Duration Concentration Concentration Concentration
Test (mWs) (min) (mg/m 3 ) (mg/m 3 ) (mg/m 3)

BR Wind Speed 3
BR-10 4.49 60 133±19 132 0
BR-11 2.69 60 154 111 152 0
BR-12 1.77 60 157±11 158 0
BR-13 0.87 60 179± 13 177 0

BR Range Finding
BR-1, 0.88 120 90g± 89 s 0
BR-17 0.89 240 93± 92 0 a
BR-18 0.87 360 95±7 94 0
BR-19 0.86 480 92± 6 91 0

BR/FO Wind Speed I
BR/FO-03 0.91 60 600 ± 40 - 30 - 570
BR/FO-04 1.76 62 570± 40 26±10 540
BRFO-05 2,65 60 515±135 32±9 480
BR/FO-06 4.46 30 360± 25 19±9 340
BR/F0-07 4.56 60 610 ± 45 83 ± 17 530 I

Failure to attain target concentrations of brass in the aerosols generated during the
BR/FO exposure tests was not thought to greatly Impact the deposition-rate aspects of the 3
experiments. Greater relative concentrations of brass, compared with the concentrations of
FO, would likely provide Increased deposition mass loadings, but the calculation for deposi-

tion velocity would have provided results similar to those reported here. This conclusion was
based on the observation that FO deposits on collection surfaces coated brass deposits and
thus reduced the resuspenslon rates of brass particles,

We anticipated that the composition of the BR/FO aerosols would change as a function
of particle size. This conclusion was supported by Initial measurements that Indicated the
aerodynamic mass median diameter of BR to be -5 gm and trIat of FO between 2 and 3 lam.
One particle-size-distribution sample, from test BR/FO-04, was submitted for chemical 3
analysis. The results of this analysis, shown In Table 3.3, Indicate that the composition of the
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collected brass particles was similar to that collected in the other aerosol samples (Table 3.1).
The ratio of Cu to total brass mass, 0.74 1± 0,01, was equal to the ratio determined from the
other aerosol samples. The largest ratio measured was 0.76, at stage 6 of the cascade
Impactor. Rather than Indicating a change In the Cu:Zn ratio as particle size decreases, this
result most likely reflects measurement uncertainty, as only 0.04 mg of BR were collected at
that Impactor stage. Brass was collected primarily In the upper four stages of the Impactor,3 Indicating that It was composed of relatively large particles. Brass/fog oil was collected In the
middle impactor stages, Indicating that it was composed of smaller particleI
.5LLU, CHEMICAL COMPOSITION OF SIZE-SEGREGATED AEROSOL SAMPLES3 COLLECTED USING AN ANDERSEN CASCADE IMPACTOR - TEST BR/FO-04

Particle Size Impactor Mass Cu Mass Zn Mass Cu Zn Fog Oil
(4.m) Stage (mg) (mg) (mg) (%) (%) (%)

"10,0 0 0.89 0.182 0.067 28.4 9.7 83.9
6.34 1 1.71 0.320 0.120 18.7 7.0 74.3
4.4 2 2.07 0.174 0.062 8.4 3.0 s8o8
3.0 3 7.81 0.224 0.081 2.9 1.0 98.1
1.90 4 10.58 0.093 0.031 0.9 0.3 98.83 0.94 5 7.19 0.031 0.010 0.4 0.1 99.4
0.57 6 0.95 0.000 0.000 0.0 0.0 100.0
0.38 7 0.14 0.000 0.000 0.0 0.0 100.05 0,00 F 0.11 0.000 0.000 0.0 0.0 100.0

3 sizes. Figure 3.1 shows the particle size distribution of the BR/FO aerosol as functions of
mass (x), brass (÷), and fog oIl (*). The aerodynamic mass median diameter of the aerosol3was similar to that of the FO, -2.5 I.im, because -96% of the aerosol consisted of FO at the
time the Impactor sample was obtained. The AMMD of the brass constituent of the aerosol

3 was 5.9 Am.

3,1,2 Aegjol PartIliA Size Distributlon

I The aerosol particle size distribution In the wind tunnel during exposure tests was
determined, as described In Section 2.4.2, as the aerodynamic mass median diameter
(AMMD) and the geometric standard deviation (GSD). This section presents results of particle
size distributions determined from total particulate mass deposited to the various stages of
Andersen cascade Impactors during BR and BR/FO tests. Results of an analysis of the

relative components of the particle size distribution during test BR/FO-04 were discussed

* 3.5
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above (Section 3.1.1). Brass particles analyzed using SEM were plate-iike In shape, having
the dimensions described above (Section 2.3.1). In contrast, FO particles were spherical oil
droplets. In general, the particles in BR aerosols had greater aerodynamic sizes than those In
FO aerosols. The AMMDs of brass aerosols were approximately 5 to 6 Am, while those of FO 3
aerosols were shown by Cataldo (1989) to be approximately 2 to 3 Am. The dry brass
particles also were thought to have different surface-attraction characteristics than the liquid
FO droplets, Thus the transport and deposition characteristics of the two obscurant aerosols I
were not expected to be similar.

We Investigated the effectiveness of sampling brass, FO, and BR/FO aerosols with the
cascade Impactors, because of the relatively large AMMD of brass aerosols, Sampling losses
were possible both In the Inlet and on Interstage surfaces within the Impactors.
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Excessive bases could cause reported AMMOs to be less than the actual values. Overall
sampling losses were determined by comparing the aerosol mass concentration from the
Isokinetlo aerosol sampling nozzle to that calculated by summing all mass collected on each
Impactor and dividing by the volume sampled. Results of this comparison 0howed that, while
measurable sampling losses occurred when sampling brass aerosols, these losses did not
greatly bias the reported AMMD, Excluding 4 of 27 samples of brass aerosol, the sampling
effectivwoess of the Impactor procedure was shown to be 92 ± 7%. Thus, loses were limited
to -8%. For the single measurement of a fog-oil aerosol, the effectiveness was 100%. For 8
of 9 mixed BRI:FO ý 1resols, sampling effectiveness was 96:l: 4%. Five tests were excluded
from consideration because of stage overloading, unusual aerosol-generation procedures, or
test relative humidity being significantly different from the norm. These results Indicate
Increasing sampling losses as particle size Increases. To determine the effect of sampling
losses on the reported AMMD of brass aerosols, mass equal to the measured losses was
added to the top four and the top two Impactor stages (the locations where these larger
particles Ideally would be expected to deposit). Under the worst assumed case, the reported
results were 0,3 g.m less than what actually existed In the wind tunnel. Under a more
reasonable case, the difference was only 0A1 g.m. The corresponding change In GSD was
only an Increase of 0.03 for the worst case, The reported AMMD results therefore were
judged to be within 0.1 to 0,3 gtm of the true AMMDs of the aerosols In the wind tunnel.

Results of particle size distributions measured during trial and exposure tests are
shown In Table 3.4. Figures 3,2 through 3,4 show selected aerosol particle size distribution
plotted as aerodynamic particle diameter versus cumulative percent. Result of the trial tests
showed the Influence of the brass sonic-nozzle aerusol generator's operating conditions on
resultant aerosol particle size distribution (tests BR-01 through BR-03), No effect on particle
size was measured for a range of relative humidities (tests BR-03 through BR-0$), even
though fog droplets were present In the aerosol during the third sampling period of BR-04,
Test BR-02 showed AMMD to be 7.1 g.m downwind of the sonic-nozzle aerosol generator but-5.8 ± 0.2 Am at the test section. This difference was the result of the large agglomerated
particles, those not completed dispersed In the generator, settling In the slow-velocity air flow
through the return loop of the wind tunnel, During the BR wind speed tests the average
AMMD was 5.3 t 0.3, the average GSD, 1.8 t 0.0. During the BR range-finding tests the
average AMMD was 5.1 ± 0.3, the average GSD, 1.85 ± 0.1. During the BR/FO wind speed
test series the average AMMD was 2.7 t 0.2, the average GSD, 1.75:t 0,09, The AMMD
decreased during the BR/FO tests because FO predominated In the aerosol mixture (see
Section 3.1, 1). A possible decrease of -0.5 gm In the AMM, of brass aerosols with
Increasing wind speed, If real, likely was due to Increased preferential Impaction of the >.5 AIm3 particles on the test subjects, tui ning vanes, and other surfaces. No such trend was observed
for the smaller AMMDs In the BR/FO aerosols.

* 3.7

I



LE 34- AEROSOL PARTICLE SIZE DISTRIBUTIONS FOR BR AND BRIFO TESTS

Relative Aerosol Cono.
Wind Speed Humidity During Sample AMMD I

Test (m/s) (%) (mg/m3 ) (AM) GSD

BR-01 -0.9 30 30 5,9 1.8
6,0 1.8

BR-02 -0.9 25 20 5,6 1.8
5,7 1.8
7.1 1.,e

BR.03 -0.9 23 170 5.6 1.8
.8, 1.8

BR-04 0.93 86 220 5.4 1i.
5.3 1,9
6,3 1,9

BR-05 0.97 45 210 5,2 1.9
BR.06 4.67 46 240 5.2 1,8
BR-07 2.70 44 270 5,7 1.8
BR-08 0.91 44 240 5.5 1,8
BR.14 0.89 53 g0 4,7 1.9

5,O 1,8BR-15 0.74 56 260 6,0 1.9

BR.10 4.49 45 130 5.0 1.8
BR.11 2.69 47 150 5,1 1,8
BR-12 1.77 46 160 5,4 1.8
BR-13 0.87 46 180 5.5 1.8

&,S 1.8
a's 1.8

BR-18 0.88 46 90 5.0 1.9

OR-17 0.89 47 93 4,9 1.9
BR-is 0.87 45 95 5.0 1.8

4.9 1.8
OR-19 0.86 46 92 5,1 1,9

BR/FO.T1 (BR only) 0.58 38 90 5.7 1.8
BR/FO.T2 (BR only) 1.98 46 -100 5.2 1.8
BR/FO.T3 (FO only) 1,81 45 540 2,2 1.7

BR/FO.01 1.84 46 840 3,0 1.8
BR/FO.02 2.76 45 700 2,5 1,7

BR/FO-03 0.91 51 660 2,8 1.8
BR/FO-04 1.78 46 570 2,9 1,7

630 2,6 1.8
800 2,3 1.7

BR/FO-05 2,65 44 520 2.6 1.8
BR/FO.06 4.46 47 410 2,8 1.8
BR/FO-07 4.56 47 410 3,0 1.8
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The aerodynamic size distributions of brass, fog oil, and BR/FO aerosols were
measured to provide Information most suitable for characterizing the transport and deposition I
of their constituent particles to the surfaces of test subjects. An alternate measure of average
particle size, count median diameter (CMD), also was calculated from the AMMD and GSD
results. CMD provided Information on the ectual physical size of particles In the aerosols.
The CMDs of aerosols, based on the average AMMD and GSD Information, were determined
using the Hatch-Choate conversion equation (Hinds 1982): 3

CMD - [CC(AMMD) + (S. G,) 1 21. (e31n2GSD), 3
In the equation, CMD and AMMD are In units of length, S. G. Is the specific gravity of the
particles, and GSD Is dimensionless, Particle specific gravity was 8,6 (BR), 0.8 (FO), and 1.0
to 2.4 (BR/FO). Results of this analysis Indicate that the DMDs of the aerosols were 0.8 Am
(BR/FO), As the actual median physical size of particles In the aerosols, CMD represents the

particle size for which exist equal numbers of particles having smaller and larger diameters I
than the CMD. This differs from the AMMD, which represents the particle size for which equal
particulate mass Is distributed among particles having smaller and larger aerodynamic
diameters than the AMMD, CMD is the more useful size parameter for comparing optical
characteristics of most spheric'(*l particle aerosols. It should be noted, however, that the
predicted CMD for the flake-sh, pud brass particles differs greatly from the actual dimension
(0,5 to 20 A.m In surface dimension, and 0.5 i 0.25 Am In edge thickness), because the
nonspherical shape of the brass particles results In smaller aerodynamic size than would be

the case If the same particle mass was Incorporated into a spherical particle.

3,11,3 Aerosol Deposltion Velonity to Suspended Surrogato Surfacea

Deposition velocities of BR and BA/FO aerosols were measured during trial and

exposure tests. The relative concentrations of brass and FO during the BR/FO tests 3
(Table 3.2) and the percentages of deposits as brass and FO (Table 3.1) were also used to

determine the specific deposition velocities for both components of the aerosol. Deposition
velocity results are shown in Figure 3.5. The deposition velocities based on particulate mass

are shown In the upper figure, and those based on the specific component In the lower figure.

The amount of particulate matter and specific components depositing to the coupons was i
observed to be a function of both the aerosol composition and the wind speed. Uncertainty

limits were estimated, where possible, by considering experimental errors and replicate data

variability. Deposition velocity results generally Increased exponentially with Increasing wind
speed from 0.9 to 4.5 m/s: deposition velocities ranged from 0.9 to 0,4 cm/s for the brass

aerosol, and from 0.03 to 0.6 cm/s for the BR/FO aerosol. The deposition velocities of the
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brass and FO components of the BR/FO aerosols also increased with Increasing wind speed;
deposition velocities ranged from 0.2 to 1.6 cm/s for the brass component, and from 0.02 to

0.5 cnms for the FO component. The exception to this trend was the deposition rate of the
brass aerosol generated In the absence of FO and at the fastest tested wind speed. At 4.5

m/s, the deposition velocity of brass was approximately equal to that at 2.7 m/s. This likely
was because of resuspension of the dry brass-powder deposits on the deposition coupons
exposed to 4,5 m/s winds. In contrast, the deposition velocity of the brass component of
BR/FO aerosols indicated a continued increase as wind speed was increased from 2.7 to 4.5
rm/s. This was attributed to the adhesive Influence ot FO on the deposited BR flakes,

Deposition velocities of brass Increased an average of 2.0 times at wind speeds of 0.9 to 2.7

m/3, and 4.0 timos at a wind speed of 4.5 m/s, as a result of the presence of FO In the mixed
aerosol, Deposition-velocity results for the FO component of the mixed BR/FO aerosols were
not significantly influenced by thc. brass component, and were similar to results reported by

Cataldo et al. (1989) for FO aerosols. In both studies, measured FO deposition rates
-- increased from 0.02 to 0.05 cm/s as wind speed Increased from 0.9 to 4.5 m/s.

I
I
I
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3.2 SOIJPLANT MASS LOADING AND DOFPOSITION VELOCITIES

3.2.1 Veaotation Mass Loadina and Faliar Retention of Brams Flake and Brams Flake/Foo Cil

I Vagatation Mag. Loading During Wind..Spaad Tusts! Bruan Flake. Plants were
exposed to brass concentrations of approximately 160 mg/m3 for 60 min at 60% RH and a
wind speed of either 2 (BR-13:0.9 m/s), 4 (BR.12; 1.8 m/s), 6 (BR-11; 2.7 m/s), or 10 (BR-10:
4,5 m/s) mph. Following exposure, the leaves were sampled by washing them with a 20%
EtOH (v/v), 1% Tween-20 (v/v) solution and trapping the flake on a fiber glass filter. Both the
filter and the washed leaf were further extracted In 0.01 N HNO 3 . The extracts were
combined and analyzed using an ICAP analyzer,

Foilar mass loading between species and within species at the different wind speeds
varied markedly in this test series, The results given In Table 3,5 show generally that with

T 3.5. FOLIAR MASS LOADING OF BRASS FLAKE TO VEGETATION DURING WIND
SPEED TESTS. TOTAL DURATION OF EXPOSURE WAS 60 MINUTES AT 50%
RELATIVE HUMIDITY. i

Species Wind Spied Follar Meae Loading
(mis) (gotom2 * SD, n . 6)

Bush Bean 0,9 84.30 t 14.40
1.8 149,72 ± 37.05
2.7 305.8 1 105.47
4.5 443.94 ± 72.04

Sagebrush 0,9 193.71 t 31.54
1.8 444.07 1 44.28
2.7 650.70 ± 81.84
4.5 1095.40 ± 302.06

Ponderosa Pine 0.9 243.86 * 50.93
1.8 822.49 t 133.18
2.7 443.25 t 04.08
4.5 237,01 : 58.55

Short-Noodle Pine 0.9 283,78 ± 45.76
1.8 694.11 ± 164.83
2.7 5,0.51 ± 129.92
4.5 400.94 ± 153.79

STall Foe•is 0.9 79.83 + 7.90
1.8 238.68 ± 15.44
2.7 240.39 ± 38.40
4.5 291.85 ± 72.34
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Increasing wind speed a corresponding Increase In mass loading occurs, as had been seen
In all previous smokes experiments. However, the highest loading for some of the species,
most notably the pines, appeared to peak at a lower wind speed, that of 1.8 m/s (4 mph).
There Is an Increase at 1.8 m/s over the 0.9 m/s (2 mph) for the ponderosa and short needle
pines, but this decreases at 2.7 m/s (6 mph), and further decreases at 4.5 m/s (10 mph),
While both the bush bean and the tall fescue generally showed Increased mass loading at
the higher wind speeds, the Increases, particularly at the highest speed (4,5 m/s), were not as 3
large as had been routinely seen at similar speeds with the other smokes (Van Vorls et al.
1987; Cataldo et al. 1989, 1 990a,1 990b). Only the sagebrush appeared to follow the
previously observed pattern.

Possible reasons for these observations are related both to the nature of the material
Itself and to the ,arface features of each species. First, the dry powdery nature of the material
made It very difficult to sample the foliage without disturbing the layers and knocking some
off, particularly when the loading was heavier and for those plants with narrow and smooth-
surfaced leaves (i.e., the pines), This accounts In part for the high variations (standard devia-
tions) In the samplee. The higher wind speeds also may have resuspended the material, and
therefore may have prevented higher accumulations from occurring. The tall fescue received
the lowest mass loading, This species, being smooth-surfaced and possessing a canopy
frequently oriented vertically to the wind, and being. apable of great flexion and torsion In the
wind (espcclally In the larger plants with longer leaves), apparently prevented large
accumulations of the dry material to form. This species also received the lowest mass
loading In previous studies of the other smokes. The bush bean has surfaces that are
oriented horizontally to the wind direction and possesses a somewhat roughened surface,
thus being able to retain the powdery material better. It should be noted that the greatest
accumulations on these leaves were along the raised features caused by the velnatlon within
the lamins of the leaves, where the greatest eddies could be expected to occur. The very

rough and "hairy" surface of the sagebrush with Its waxy projections from the leaf appeared to
be the most efficient In trapping the material from the atmosphere, and therefore showed the
greatest loading values at the higher wind speeds.

Vegetation Mass I qading During Wind Speed Testso Brass Flake/oEg Oil. The

potential for Increased brass-flake deposition to vegetation during cogeneration with fog oil
was explored during the brass-ilake/fog-oll test series. These wind-speed trials were

designed to rrovide atmospheric concentrations of approximately 100 mg/m 3 brass flake and
500 mg/m 3 fog oil. In actuality, atmospheric brass-flake concentrations were -25 to 30% of
this level, The highest wind-speed run (4.5 m/s) was cut short because the generator failed.
This run was only 30 mln, as opposed to the 60-mnn durations of the other wind-speed tests.

3.16
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It Is Interesting to compare the results for follar mass loading for the plants exposed to
BR/FO (Table 3.6) with those exposed to brass flake alone (Table 3.5). At the lower wind
speeds, 0.9 and 1.8 m/s, follar mass loadings are comparable to those of the brass flake
alone for all of the species tested, even though the actual atmospheric brass concentrations
were approximately 15 to 20% of those of the previous wind-speed experiment. This
Indicates that the presence of fog oil affects brass deposition or retention.I
TABLE.. FOLIAR MASS LOADING OF BRASS FLAKE TO VEGETATION DURING

BRASS/FOG OIL WIND-SPEED TESTS. TOTAL DURATION OF EXPOSURE
WAS 60 min AT 50% RELATIVE HUMIDITY. DATA ARE EXPRESSED AS
AVERAGES + SD (n w 3).

Brass (Zn + Cu)
Species Wind Speed Foilar Mass Loading

(msea) ( g/om2)

Bush Bean 0.9 38.51 ±1.30
1.8 143.68±38.42
2.7 592.38 ±293.41
4.5 376.65 ±26.69

Sagebrush 0.9 112.92*45.75
1.8 457.99092.17
2.7 1342.92±718.90
4.5 919.87 ±134.68

Ponderosa Pine 0.9 317.44±132.16
1.8 1382.32 ±226.05
2.7 2522.78 ±542.74
4.5 2187.34 ±716.08

Short-Needle Pine 0.9 499.67 ±97.59
1.8 745.83±158.70
2.7 2515.50 ±549.61
4.5 1733.08 ±504.55

Tall Fescue 0.9 43.13 ±12.14
1.8 488.12 ±164.23
2.7 554.37 ±7.79
4.5 316.51 ±111.55

I
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At the next higher wind speed (2.7 m/s), the average mass loadings for all species are I
higher compared with brass alone, with significant elevations In the pines (2522 and 2515
gg/OM2 veqrus 443 and 547 for the ponderosa and short-needle pines, respectively,

Tables 3.5 and 3.6). This Is similar to what was observed In the mixed-smokes scenarios
(Cataldo et al. 1 990b), where the effect was attributed to the taller canopy structure and the
denser fine needle structure creating more eddies in the wind stream, permitting a higher
likelihood of surface contact and deposition. These same plants usually showed higher fog-
oil deposition in the past. This also apparently would aid in the retention of the brass flake on
the leaf surfaces.

At the highest wind speed tested, 4.5 m/s, there was an apparent decrease In the folear
mass loading (Table 3.6). However, as noted above, the duration of the experiment was only
30 min, as opposed to the previous 60 min. Further, the atmospheric concentration during
this time was only 19 mg/m 3, or -66% of that of the other BR/FO runs.

Vgeatatlon Mass Loading During Range-Finding Tonts. Brams Flake. The range-
finding-experiment test series was used to follow continued deposition to the foliage over
extended periods (8 h) under similar environmental conditions. It also was used to determine
the persistence of the brass flake material following a simulated rainfall. The results of the
foilar mass loading and leaching for these experiments are given In Table 3,7.

The results once again indicated a higher mass loading to the pine species, followed I
by sagebrush, bush bean, and tall fescue, as noted for the BR/FO tests. There were general
Increases with time of exposure In all species. These appear to be fairly constant when the
sampling errors are considered. The overall values are lower for the 2 h, 1 .8 m/s conditions
than for those of the wind-speed trials (e.g,, 42 versus 149 for the bush bean; compare
Tables 3.7 and 3.5). This reflects the lower atmospheric brass-flake concentration (93 versus l
154 mg/m3 ) during the range-finding series.

When an artificial rainfall was applied to determine the leaching potential of the brass 1
flake from the different tissue types, It was apparent that the bush bean retained the most
material over time, 50 to 80%, as compared with sagebrush, tall fescue, and the pines at
approximately 20 to 4)% retention (Table 3.7). The flat, broad leaf surfaces of this species
may have permitted more of the flake to orient Itself parallel to the surface and thus to com.-
press, forming a series of layers to resist the effects of the leachate. On the other species
much of the material was not able to achieve a uniform surface and thus was removed.

I3
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I I L3.7L . FOLIAR MASS LOADING OF BRASS FLAKE TO VEGETATION DURING
RANGE-FINDING TESTS. WIND SPEED WAS 1.8 rn/s AND RELATIVE3 HUMIDITY WAS 50%

Exposure ._ R&lm I mdalg
Species Duration Exposed(') Expohed/Leaonhd(b) % Retained

(h) Wtaii2 SO, n- 10 0W=2 * SD, n - 4)

Bush Bean 2 51.80 : 10,03 42.0 l: 11.30 77.16 1 33,88
4 91.20 1 8.84 50.5 :1 4.95 61.07 t 7.88
6 143.20 ± 28.99 93.0 * 6.36 79.34 J: 6.50
a 194.2 :: 17.66 97.5 h 14.88 50.45 :l: 9.34

3 Sagebrush 2 97.00 :1: 32.6 38.00 :1: 4.25 39.22 : 16.25
4 215,40 :: 83,25 77,50 :1: 12.02 32.39 :l: 11.51
a 290,20 : 76.24 90050 + 6.36 25,79 :l: 3,71
a 371,20 :: 02,38 8.00 1o 9.80 20.16 :: 3.27

Ponderosa Pine 2 191.80 : 111,93 41.00 1: 4,24 4.64 :l: ,79
4 392,00 t 224,53 102.50 :l: 53,03 24.02 :: 7.42
6 464.40 t 222.65 144.00 t 1.40 22.84 t 2.64
8 504.00 : 183.45 101.00 :1: 5.66 21.74 t 2.67

Short Needle Pins 2 205.20 J 145.30 66.50 : 9,18 26.57 t 17,93
4 202.40 :: 68,85 76.50 20.51 60.06 t 21.37
6 858,20 t 178,16 77,00 ± 4.24 14.55 t 1.92
8 449.20 t 198.21 92.00 :1: 0.00 19.16 *: 3.32

Tail Fesoue 2 70.60 ± 21,73 16.50 t 3.63 28.38 1 6.77
4 121.00 1:33.19 23.50 1 4.94 25.99 t 0.07
a 168.20 1 15,16 81.50 : 26.16 37.60 k 19,26
8 208.40 t 41.54 42.00 ± 5.66 19.58 1 3.59

(a) Non-leached exposed plants.
(b) Leaching/almulated rainfall was oonducted within 2 h of contamination. It consisted of 350 mL of synthetic

rainwater passed through the canopy over 15 min and Is equivalent to a 0.5-cm rainfall,

I
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Daepultion Vlocitlen of arass Flake to Vegetation Durna Wind.Spoed Teats: Brans

Flaka. Deposition velocities (Vd) are routinely computed for experimental exposures to
provide a basis for estimating the transfer of smoke constituents from air to foilar and/or soil
surfaces. Once established, this parameter can be used to estimate foilar or soll mass loading
and thus projected damage under field conditions, given air concentration, wind speed, and
relative humidity,

In all species except for the pines, Vd Increased with Increasing wind speed (Table 3.8)
as with the other obscurants tested. Values of Vd ranged from 0.01 to 1 om/s. The pines
showed increasing values of Vd at the two lower wind speeds, but velocities tended to level
off or decrease at the higher speeds. This may be caused by the reduced surface area and
curvature of the needles, making retention less efficient and resuspenslon more likely. What
Is more noteworthy Is the substantially higher values of Vd for brass compared with those of
the other smokes/obsourants tested, For example, In the grass and bush bean the Vd for
brass Is at least 1 to 2 orders of magnitude greater than the values reported for WP and HC
(Cataldo at al, 1990b). For example, Vd - 0.005 cm/s for bush bean and 0,001 cm/s for tall
fescue, with WP at 1,8 m/s, and 0.002 and 0.001 for HC, In the mixed-smoke scenarios.
Values for brass alone are 0.13 for bush bean and 0.12 for tall fescue (Table 3.8). These
ratios also held for the other species.

Deposition Valooltla. of Brags Flake to Vaegtatlon Durlnn Wind Speed Teatsi riass
ElaklV.og.011, The Vd values observed during the brass flake/fog oil wind-speed tests
(Table 3.9) again demonstrate Increased deposition efficiency with Increasing wind speed but
are substantially higher than for brass flake alone (Table 3.8). The overall Vd values ranged
from 0.3 to 60 cm/s, representing a 3 to 100 times greater collection efficiency than for brass
alone. The codepositlon of the fog oil to the leaf surface apparently either prevented resus-
pension of the deposited brass or affected brass agglomeration, increasing its effective size
and deposition rate.

3.20
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TAffEI- VALUES FOR DEPOSITION VELOCITY (Vd) OF BRASS FLAKE TO
VEGETATION DURING WIND SPEED TESTS. TOTAL DURATION OF EX-
POSURE WAS 60 min AT 50% RELATIVE HUMIDITY. AVERAGE ± SD, n -6.

Species Wind Speed Depoition Velocity (Vd)
(mie) (arnie x 102)

I Bush Bean 0,9 13.01 t 2.22
1.8 27.73 :k 6.86
2.7 56.63 1 19.53
4.5 94.86 :1: 15.39

Sagebrush 0.9 29.89 1 4.87
1.8 82.24 1 8.20
2.7 120.50 1 33.67
4.5 234.06 i 04,54

Ponderous Pine 0.9 37.63 * 7.86
1,8 116.286: 24.66

2.7 62.08 * 11.87
4.5 50.64 1 12.51

Short Needle Pine 0.9 43,79 1 7,06
1,8 128.54 1 30.52
2.7 101.21 + 24.08
4.5 85.87 1 32.86

Tail Fescue 0.9 12.32 ± 2,76
1.8 44.20 t 2.86
2.7 44.52 ± 7.11
4.5 62.36 ± 15.46I

I
I
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TABLE 39. DEPOSITION VELOCITIES (Vd) OF BRASS FLAKE TO VEGETATION DURING
BR/FO WIND SPEED TESTS. TOTAL DURATION OF EXPOSURE AT 50% I
RELATIVE HUMIDITY IS GIVEN IN TABLE. AVERAGE :: SD, n w 6.

Exposure I
Species lime Wind Speed Deposition Velocity (Vd)

(rrin) (rms) (omns) 3
Bush Bean 60 019 0.36 ± 0.01

62 18 1.49 * 0.40
60 2,7 5.14 ± 2.55
30 4.5 11.01 k 0.78

Sagebrush 60 0,9 1.05 1 0.42 I
82 1.8 4,74 ± 0.95
60 2.7 11.66 ± 6.24

30 4.8 26.89 1 3.04

Pornderosa Pine 60 0,9 2,94 ± 1.22
62 1.8 14.29 ± 2.34
60 2.7 21.90 ± 4.71
30 4.5 63.96 ± 20.94

Short Needle Pine 60 0.9 4.63 1 0.90 I
62 1.8 7.71 * 1.64
60 2.7 21,84 ± 4.77
30 4.5 50,07 k 14.75 I

Tall Fescue 60 0.9 0.40 1 0.11
62 1i8 5.05 ± 1.70
60 2.7 4,81 ± 0.07
30 4.5 9.25 ± 3.26 II

I
04goosition Valocitles of Brass Flake to Vegetatlon During Range.-Finding Tests: Brass

Ef a. The deposition velocities for brass flake during the range-finding tests were once
again higher than those observed for the previous obscurants tested, with Vd values ranging
from 0.07 cm/s for bush bean and tall fescue to 0.3 cm/s for the pines. Within the test series,
the highest values were observed in the pines (Table 3.10), as expected from the mass-
loading data presented In Table 3.7. The relative consistence In Vd values among the
exposure durations indicates that aerodynamic processes govern deposition.

3.22
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L921.1. DEPOSITION VELOCITIES (Vd) OF BRASS FLAKE TO VEGETATION DURING
RANGE-FINDING TESTS. WIND SPEED WAS MAINTAINED AT 4 mph
(1.8 m/e) AT 50% RELATIVE HUMIDITY. AVERAGE + SD, n - 6.

Exposure
Speoies Duration Deposition Veloity (Vd)

(h) (aVe x I0)

Bush Been 2 7.99 ± 1.5
4 6.81 ± 0.66
6 6,91 l 1,40
8 7.41 :: 0.67

Sagebrush 2 14,97 ± 5,04
4 16.08 ± 6.22
s 13.90 ± 3.68
a 14.16 ± 3.91

Ponderosa Pine 2 29,60 ± 17.27
4 29.27 ± 16.77
6 22.40 ± 10.74
8 19,23 ± 7.00

Short.Needle Pine 2 31.67 ± 22.42
4 15.11 ± 5.14
a 26.92 ± 8,59I S 17.14 : 7.56

Tell Fescue 2 10.90 ± 3,35
4 9.04 * 2.48
6 8.11 ± 0.73
8 7.95 ± 1.59

I
3,2.2 Mass LondIna of Brass Flake to Fxgosad Soils

Soil Mass Loading During Wind Sneed Teasts: Bras Flake, Levels of mass loading of

brass to soil coupons exposed during the wind-speed tests, shown In Table 3.11, Indicate a
general Increase In mass loading to the soil surfaces with Increasing wind speed. Mass-
loading rates increase from 110 to 130 .g/cm 2 at 0.9 cm/s to 400 to 600 pig/cm 2 at 4.5 cm/s.
The greatest average loading under these experimental conditions was observed In the

Burbank and Clnebar soils, although there was no significant difference between all three

I types (P>0.1).

I
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IRILE, .11. SOIL MASS-LOADING VALUES FCGR BURBANK, CINEBAR, AND PALOUSE
SOILS FOLLOWING ATMOSPHERIC EXPOSURE TO BRASS FLAKE
DURING WIND SPEED TESTS

Wind Speed ...... •iMum LeilrigIL 2_u+/efr.fl.3=,

("mVI) Burbank Cinebar Palouse

0.9 111., 118.4 121,3 ± 14.0 134.4± .50,2

1.6 141.6 1 12.0 193.9 157,2 139.1 ± 7.7

2.7 232.0*126.3 229.1 * 7.1 178.5 t 11,5

4.5 563.3 t: 101.0 573.6 :h 98.4 375.5 :J: 35.4

____________________________ I

Soil Miasn Loading During Wind Speed Teet': Brasm Flake/Foo Oil, Mass loading
values for soil coupons during the BR/FO wind-speed tests, shown in Table 3,12, Indicate a
general laok of correlation between wind speed and mass loading of brass In these tests.
However, as noted, generation oroblems existed In these dual-smoke exposures, The
significant increase In mass loading prompted by the presence of fog oil In the foilar studies,
but Is reflected In deposition velocity data discussed below.

Soil Maas Loadina During Rano.-Finding Tusts: Bras. Flake, In the range-finding
tests for brass alone, there appears to be no influence of soil type on mass loading

(Table 3.13). Mass-loading rates ranged approximately from g0 jgg/cm 2 after 2 h of exposure
to 350 gg/cm2 after 8 h of exposure. The Increases with time were also linear, Indicating
constant deposition tn these surfaces with time, as had been observed in the foliage,

Denosltion Viootilea (VI of Brans Flake to Solils During Wind.Soead Tests. Brass
Flake: Wind Soeed Brass Flake/Fog Oil: and Ranon Finding Tents, In the wind: speed tests

of brass alone, values of Vd generally were comparable for each soil, and ranged from 0.2 to
1,0 cm/s or the lowest and nighest wind speeds, respectively (Table 3.14). In the presence of
fog oil, values Increase to approximately 1 to 2.5 cm/s (Table 3.18). In thi presence of fog oil,

brass deposition was highly variable, but did not increase with Increasing wind speed as
much as noted for the foilar surfaces, Deposition velocities for brass alone in the range-
finding test series (Table 3.16) were relatively constant at -0.13 cm/s. The data do not
Indicate that soil type influences tollectlon efficiency. One would expect this, based on the
AMMD of the brass flake, 5 4im.
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iLL12. SOIL MASS-LOADING VALUES FOR BURBANK, CINEBAR, AND
PALOUSE SOILS FOLLOWING ATMOSPHERIC EXPOSURE TO BRASS
FLAKE/FOG OIL WIND-SPEED TESTS. AVERAGES + SD (n . 3).

Exposure .... iL., aeung I_ W ¶MZ) .
Wind Speed Time Burbank Cineber Palouse

(rwa) Lrain)I I (l I I II uI I I

0.9 s0 83.28 : 4.34 147.17 1 0.54 111.74 :l: 48.26

1.8 62 177.48 l 27.41 386,76 t 2.55 135.33 :l: 12.07

3 2.7 60 113.35 :k 11.65 397.46 :t 24.39 138.27 ± 4,81

4.5 30 90,49 : 15.25 434.67 ± 40.94 123.94 :b 28.43

T AL111. SOIL MASS-LOADING VALUES FOR BURBANK, CINEBAR, AND PALOUSE
SOILS FOLLOWING ATMOSPHERIC EXPOSURE TO BRASS FLAKE
DURING RANGE-FINDING TESTS

Exposure Lgainwn=r 'i go• L 2,3•e•1
Duration Burbank Cinebar Palouse

(h)

2 94.5:t 14.9 77.9 t 6.2 89.1 * 18.7

4 153,7 :l: 10.6 212.1 ± 42.8 199.9 :h 26.0

10 248.9 t 30.5 299.9 1 27.0 302.9 ± 39.3

8 395.2 ± 20.9 314.9 1 19.4 349.9 + 32,6

I
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TALE 114. SOIL DEPOSITION VELOCITY (Vd) VALUES (cm/$) FOR BURBANK,
CINEBAR, AND PALOUSE SOILS FOLLOWING ATMOSPHERIC I
EXPOSURE TO BRASS FLAKE DURING WIND SPEED TESTS.
TESTS CONDUCTED FOR I h AT60% RELATIVE HUMIDITY.
AVERAGE ± SD, n f 3.

D@aMr n V-laci"IVOt W x 1021

Wind Speed Burbank Cinebar Palouse
(rrVms)

0.9 17.22 k 2.53 18.72 ± 2.16 20.74 ± 7.75

1.8 26.22 t 2.22 35.91 ± 10.59 25.76 1 1.43

2.7 42.96 t 4.87 42,43 ± 1.31 33.06 ± 2.13

4.5 120.36 t 21.58 122.56 ± 2¶,03 80,24 ± 7.56

I
16111 F 3.15 SOIL DEPOSITION VELOCITY (Vd) VALUES (cm/s) FOR BURBANK,

CINEBAR, AND PALOUSE SOILS FOLLOWING ATMOSPHERIC
EXPOSURE TO BRASS FLAKE DURING BA/FO WIND SPEED TESTS.,
TESTS CONDUCTED FOR I h AT 80% RELATIVE HUMIDITY.
AVERAGE ±SID, n.m3.3

Wind Expoeura .. altion V-lo.la ,I (cV4l, ,
Speed Time Buroank Cinebar Palouse

(rrYve) (nin) I
0.9 so 0.86 ± 0.04 1.36 ± 0.01 1.03 ± 0.453

1.8 82 1.64 ± 0.25 4.00 ± 0.03 1.20 ± 0,04

2.7 60 0.98 ± 0.10 3.45 ± 0.21 1.20 ± 0.04 1
4.5 30 2.65 t 0.45 3.62 t 0.83 2.71 ±1.20

I



STABLE3.16. SOIL DEPOSITION VELOCITY (Vd) VALUES (cm/s) FOR BURBANK,
CINEBAR, AND PALOUSE SOILS FOLLOWING ATMOSPHERIC EXPOSURE
TO BRASS FLAKE DURING RANGE-FINDING TESTS. TESTS CONDUCTED
AT 4 mph (1,8 m/s) WIND SPEED AND 50% RELATIVE HUMIDITY.
AVERAGE I' SD, n . 3,

Exposure DeiwMion Valadly Vd 1_ _)_11

Duration Burbank Cinebar Palouse1 (h)

2 14.58 ±:2.30 12.02 ± 0.96 13.75 ± 2.89

I 4 11.48 ±0.79 15.84 ± 3.20 14.93 ±1 ,94

6 12.00 :t 1.47 14.46 ± 1,30 14.61 ± 1.90

a 8 15.08 10.480 12.02 ± 0.74 13.35 ± 1.26

3,3 CONTACT PHYTOTOXICITY

3.3.1 Contact Phytotoxllcty of Brass Flake Deuositd to Follar Surfanas

I Contact Phvtotoxlcity Observed Following Wind-Speed and Range-Finding Tests:

Brags Flae. Plant symptomatology for the brass flake wind-speed series at 30 days post-
exposure is summarized in Table 3.17. With the exception of sagebrush, brass did not

appear to be directly phytotoxic to any of the species tested over this time. Long-term
exposures (i.9., >3 months, not shown) of the tree species where the material has not been

allow6d to incorporate into ;he soil similarly have resulted in no detectable impacts.

The only damage noted during this period was to sagebrush exposed to high loadings

of brass in the 4.5 m/s wind speeds. These plants received the highest mass loading of any
of those tested, but the symptoms (wilting, leaf curl, and leaf drop) occurred within 24 h after

exposure arid, given the inert nature of the material, the observed phylotoxic responses may
have had an unrelated cause, although it is unknown for sure at this time.

In the rarge-fiiiding serids (not shown), no effects were noted for ary of the plant

species with mass loading rates of 511 to 400 4ig/cm 2 foliage. Post-exposure leachlng had3 no ameliorating or pusi•ive effect on toxicity. Plants (sagebrush and pines) appeared "o
remain ir. good condition for up to 120 days post-exposure even though the brass flake was

U 3.27
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still visible on their surfaces, and had not completely been lost during normal watering and
handling operations in the greenhouse.

T L . PLANT SYMPTOMATOLOGY TO ATMOSPHERIC BRASS FLAKE EXPOSURE I
DURING WIND SPEED TESTS. THE SYMPTOMATOLOGY READINGS ARE
THL FINAL MEASUREMENTS, TAKEN 30 DAYS POST-EXPOSURE.

Plant Species Wind Toxicity Rae pnms 1

Speed Mass Loading Damage Index Symptomatology
(riv) (.gdom 2 )(b)

Bush Bean

0.9 84,30 1 14.40 1.0 O&NGDH
1.8 149.72 1 37.05 1.0 O&NGDH
2.7 305.82 1 105.47 1.0 O&NGDH
4.5 443.94 ± 72.04 1.0 O&NODH

Sagebrush
0.9 193.71 ± 31.54 1.0 O&NODH
1.8 444.07 1 44,28 1.0 O&NGDH
2.7 650.70 ± 181.84 1.0 O&NGDH
4.5 1095.40 + 302,06 4.0(0) W, LC, LD

PneoaPine I
0.9 243.86 ± 50,93 1.0 O&NODH
1.8 622.49 ± 133.16 1.0 O&NGDH
2.7 443.25 ± 64.08 1.0 O&NGDH I
4.5 237.01 ± 58.55 1.0 O&NGDH

Short Needle PineI
0.9 283.78 ± 45.76 1.0 O&NGDH
1.8 694.11 ± 164,83 1 0 O&NGDH
2.7 548.51 ± 129.92 1.0 O&NGDH
4.5 400.94 ± 153.79 1.0 O&NGDH

Tail Fulcuel
0.9 79.83 ± 17.90 1.0 O&NGDH
1.8 238.68 ± 15.44 1.0 O&NGDH
2.7 240.39 ± 38.40 1.0 O&NGDH
4.5 291.85 ± 72.34 1.0 O&NGDH

(a) Daubenmilre scale and symptomatology definitions.
(b) Average Foliar Mass Loading ± SD (n u 6).

('.) Two of three plants died. Remaining plant appeared healthy.
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iPhtotoxicity Observed Following Wind Spaed Tests: Brsas Flaka/Fa 0i11. A slight
degree of phytotoxicity occurred during the combined BR/FO exposures (Table 3,18), par-
ticularly In the bush bean and short needle pine at the higher wind speeds. In both cases, the
symptoms -- necrotic spotting, blade dieback, and leaf curl -- were similar to those observed
with fog oil alone (Cataldo et al. 1989). For individual plants, the sites of the most visible
phytotoxic symptoms were those that also appeared to have the highest depositions of fog

TLE 2. PLANT SYMPTOMATOLOGY TO ATMOSPHERIC BRASS FLAKE/FOG OIL
WIND SPEED TEST EXPOSURES. THE SYMPTOMATOLOGY READINGS
ARE THE FINAL MEASUREMENTS TAKEN 30 DAYS POST-EXPOSURE.

BrIss Thxilti RatV nhs(O)
Wind Speed Mass Loading Damage Index Symptomatology

Plant Species (mls) (Hg/0m 2 )(b)

I Bush Bean
0.9 38.51 1:1.30 1.0 O&NODH
1,8 148.68 1 38.42 1,0 O&NGDHS2.7 592.38 k 293.41 3.0 W. LC, NS
4.8 376.65 *126.89 3.0 NGA, W, LC, NS

S 0.9 112.92 ± 45.75 1.0 O&NGDH
1.8 457.99 1 92.17 1.0 O&NGDH
2.7 1342.92 :t 718.90 1.7 NGA, Chi, BD, LD
4,5 919,67 1 134.68 3.5 Chi, W, LD,

Ponderosa Pine
0.9 317.44 1 132.18 1,0 O&NGDH
1.6 1382.32 ± 226.05 1.0 O&NODH

2.7 2522.78 1542,74 1.5 NS
4.5 2187.34 .± 718.08 1.5 NS

Short Needle Pine
0.9 499.67 ± 97.50 1.0 O&NGDH
1.8 748.83 : 158.70 1.0 O&NGDH
2.7 2515.50 ± 549.61 2.5 8D, NS, NGDH3 4,5 1733.08 t 504.55 3.5 BD (3.5), NS

Tall Fescue
0.9 43.13 t 12.14 1.0 O&NGDH
1.8 488.12 ± 184.23 1.3 TB (3.0)
2.7 554.37 ± 7.79 1.7 TB (5.0)
4.5 316.51 ± 111,55 1.7 TS (5.0)

I (a Daubenmire Scale and Symptomnology Definitions.
(b) Average Follar Mass Loading ± SD (n43).
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oil on their surfaces. There may have been a slight synergistic effect of the brass flake, I
exacerbating the effects of the relatively low level of fog oil, but more likely, the fog oil may
have been responsible for the majority of the damage. i

3.3.2 Metaoliic Rampgrfes To Brass-Flaka exposurp During Wind-Spand Tests I
The metabolic response of the plants to the brass flake In the wind-speed tests was

assessed by measuring the net photosynthesis and dark respiration of selected tall fescue
and ponderosa pine plants following exposures at 0.9, 1.8, and 4.5 rn/s (2, 4, and 10 mph).
Although there was a slight reduction, Immediately following exposure, In the photosynthetic
rate for the 2- and 4-mph tests, no long-term deleterious effects were evident either on net I
photosynthesis or dark respiration for periods of up to 21 days post-exposure (Figure 3.6). It
should also be noted that the brass flake on the leaves appeared to be quickly dispersed off
of the leaves through plant motion occurring In the growth chambers, and from the manipula-
tions of placing them In the photosynthesis test chambe, which occurred even though special
efforts were made to provent sudden movements of the plants during handling.

The loss of activity observed at the highest wind speeds (10 mph, Figure 3.6) was only
temporary, and the plants quickly recovered. The initial loss of activity may have been due to
thigmotropic responses to the force of the wind Itself or to a shading effect of the brass flake
on the surface of the plant leaves. These plants retained a substantial portion of the
deposited brass material over the measuring period, which may have resulted in an initial
reduced rate, but In a sustaining manner.

I
I
I
I
I
I
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3uTall Fescue- 10 mph

2 -
-

"�""---o- Net Photosynthesis
-- Oark Respiration

I Ponderosa P1ne- 10'mph

3 0-- Not Photosynthosis
-. 4-- Dark Respiration

-2 2 6 10 14 18 223 Days Post Exposure

I £!L ,h. WHOLE-PLANT NET-PHOTOSYNTHESIS AND DARK-RESPIRATION RATES
(Amole C0 2/s) FOR A TALL FESCUE AND A PONDEROSA PINE PLANT
EXPOSED TO ATMOSPHERIC BRASS FLAKE FOR 60 min AT -150 mg/m 3

AND 50% RELATIVE HUMIDITY AND 10 mph WIND SPEED. MEASURE-
MENTS WEPE TAKEN AT DAY 1 AND FOR THE PERIOD FOLLOWING

* EXPOSURE.

I
3A4 RESIDUAL EFFIECTS OF FOLIAR-DEPOSITED BRASS ON DRY-MATTER3 PRODUCTION IN TALL FFSCUE

Tall fescue plants follarly contaminated In the aerosol/contact toxicity tests were
harvested 30-days post-exposure and allowed to regrow for an addition harvest of shoot
tissues. This procedure permitted us to evaluate any residual effects of follarly absorbed3 brass contaminants on blomass production.

3 3.31
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3.4.1 Wind-Spend Tests: Brass Flake

Foilar loading of the brass-flake material at the various wind speeds appeared to
slightly affect the dry-matter accumulation of tall fescue over the 30-day growth period
following exposure. As seen In Table 3.19, there were slightly significant (0.06 confidence
level) reductions In the dry weight of grasses exposed at the higher wind speeds, 2.7 and
4.5 m/s, although these reductions were only approximately 12 to 18% of control tissues
values.

The biomass reduction observed for the first harvest, was not seen hi the second I
harvest treatments. Thus, It Is likely that the first-harvest growth reductions were due to either
the shading effect of the brass flake deposited to foliage or absorption of Cu and/or Zn
associated with the brass, although the latter Is unlikely,

TAILL3A2. EFFECTS OF BRASS-FLAKE AEROSOL WIND-SPEED TESTS ON 3
THE REGROWTH (DRY MATTER PRODUCTION) OF EXPOSED(a) TALL.
FESCUE AT 30 AND 60 DAYS POST-EXPOSURE

.. ry Matter ProduCtion Average g drj wt A Dl. n =u 3M
Treatment First Harvest Second Harvest

Control 6.2681 0.47 3.81± 0.36

0.9 m/s 5.92± 0 .0 6(b) 4.38± 0 .2 4 (b)

1.8 rn/s 5.07± 0 .48 (b) 4,96± 0.57(0)
2.7 rn/s 5.54± 0.14(c) 4.59± 0 ,5 5 (c)
4.5 m/s 5.17± 0,83(0) 3.84± 0 .8 0 (b)

(0) See Tabse 3,5 for rates of foiler man loading.
(b) Not SIgnIficant.

(a) Significant at 0.05 confidence level using a one.tailed t.Test.
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3.4.2 Wind.Spaed Tusts* Brass Flaka/loa Oil

Highly significant (PR0.01) reductions were evident In dry-matter productions for tall
fescue exposed to the BR/FO at the higher wind speeds (2.7 and 4.5 m/s, Table 3.20). These

reductions were more severe than those observed with brass alone, but they were not
observed at the second harvest after the foliage that had received the exposure was
removed. The leaves appeared to retain the brass flake longer following co-exposure with

fog oil. This may have promoted additional shading, thereby reducing dry-matter production
from photosynthesis. Upon removal of these affected leaves and regrowth, no effects were3noted, Indicating that brass/fog oil aerosols have little residual Impact.

I
TABLE320. EFFECTS OF BRASS FLAKE/FOG OIL AEROSOL WIND SPEED TESTS

ON THE REGROWTH (DRY-MATTER PRODUCTION) OF EXPOSED()
TALL FESCUE AT 30 AND 60 DAYS POST-EXPOSURE

.. Dry-Matter Production (Average a' d wt A 9D. n S 31
Treatment First Harvest Second Harvest

Control 9.56± 0.37 5.83±0.61

0,9 m/s 10.09± 1,63 (b) 6.22± 0 ,7 4(b)

1.8 M/s 10.11± 1.11(b) 6.29± 0.21(b)

2.7 m/s 6.93± 0,29(c) 5.60± 0 .4 3 (b)
4,5 rn/s 6.61± 0.69(8) 574± 0 .84 (b)

(a) Sao Table XX for rates of foiler manm loading.
(b) Not Significant,

I (0) Significant at 0.01 confidence level using a one-tailed t.Test.

3,4.3 Ranae-Finding Tests: Brass Flake

I As seen In Table 3.19 slightly significant (P<0.05) reductions in dry-matter production
were evident Immediately following exposure for all of the exposed plants (first harvest), With
one exception, that of the 4.h exposure, this reduction was not observed after the exposed

tissue was removed (second harvest). It Is likely that the 4-h values are erroneous, since
mass loadings for the 4-h treatment were lower than that of the 6- and 8-h treatments. For
those plants that were leached with a simulated rainfall Immediately following exposure, and

1 3,33
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thus had their foilar-loading levels reduced (see Table 317), no differences In dry-matter
accumulation compared with non-leached treated plants were apparent (Table 3.21). ThisI
may support the concept that the negative effects on dry-matter accumuiation by the brass
flake are the result of externai shading, which reduces total carbon assimilation over the
extended period of 30 days. Removing these "shaded" leaves permitted a return to the
control activity levels. This again Implies that the brass-flake constituents are -lot weathering
on foliar surfaces and thus that constituents are not being absorbed Into the plant through the3
leaves.

TABLE 3,21. EFFECTS OF BRASS-FLAKE AEROSOL RANGE-FINDING TESTS ON
THE REGROWTH (DRY-MATTER PRODUCTION) OF EXPOSED(m) AND
EXPOSED/LEACHED(b) TALL FESCUE AT 30 AND 60 DAYS POST-
EXPOSURE

Days Dry Matter Produetlon fAverAge g ft~ weight + SD. n u 5
Post Exposure Treatment Exposed Exposedl/Leached

30 Control 9.41±t1.09

2 h 7.17± 1.13(c) 7.7 1± 0.76(d)
4 h 6.11± 0.32(c) 6.66± 0.04(c)3
6 h 7.48± 0.55(O) 7.84± 1.54(d)
8 II 7.42± 0 ,99(c) 7.35± 1 .31 (d)

60 Control 6.70±0.16

2 h 5.66± 0.29(c) 5.58± 0 .09(d)
4 h 5.42± 0.50(c) 6.39± 0 .07(d)
6 h 7.1 7± 0.91 (d) 7.19± 0.65(d)

8 h 6,67± 0 .49(d) 6.52± 0.73(d)

()Fodiar mesa-loading rates given In Table 3.7.
(b) Leaching/simulated rainfall was conducted within 2 h of contamination. It consisted of 350 mL of synthetic-I

rainwater passed through the canopy over 15 mi~n, equivalent to a 0,5 am raInfall.
()Significant at 0.05 confidence level using a one-tailed t-Test,

(d) Not significant.I
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3.5 PLANT/SOIL AMENDMENT STUDIES

Soil amendment studies using brass flake were undertaken for three reasons. The first
was to simulate the effects of brass at soil concentrations higher than those that can be
reasonably produced in the wind tunnel. The second was to provide a reasonable range in
soil concentrations to simulate those field Instances where brass use has been recurrent.
The third was to allow soil weathering rates of brass and the effect of brass on biotic
processes to be evaluated. Soils were amended with 0, 25, 100, 500, and 2500 pLg brass/g

dry wt soil and were evaluated after 100 and 440 days. Four soil treatments were used, and
plant availability, toxicity, and tissue concentrations of Cu, Zn, and related soil cations were

assessed. Impacts of these treatments on soil microbial processes are provided In Section

3.6.

3.5.1 Soil Qheml~str of Amended Brass

Brass flake used for training or testing will be deposited to soil surfaces. One of the

major requirements for understanding whether adverse environmental Impacts from brass
occur Is to correlate solubIlIzation of Cu and Zn with subsequent mobility of solubllIzed
elements and secondary biological effects. This requires that suitablo extraction methods be

used to quantify soluble and/or bloavallable Cu and/or Zn. Since these ions are chemically

dissimilar with respect to organic complexatlon, sorption to mineral surfaces, and hydrolysis,
a single extradtion method may not be appropriate.

The only available data related to the weathering of brass In soils is that of Wentsel
and Guelta (1986a). These studies showed brass powder to weather significantly over
8 months; associated biotic effects were also noted (Wentsel and Guelta 1 986a; Wentsel
1986). However, these studies involved soils having very limited ranges In physlcocheml-
cal characteristics (low pH and high organic matter). Thus, the purpose of the present study
was to extend the available data base to include soils with higher pH and wider ranges of

organic-matter content; soils selected for this study are representative of Northwest forest
soils (Cinebar), semi-arid desert soils (Burbank), and irrigated Western cultivated soils
(Palouse). The study was designed to evaluate the weathering of brass over 12 to
18 months and to correlate weathering with both terrestrial-plant and soil-microbial Impacts,
TWo soil systems were used to evaluate weathering: soil/pot studies using all soils except
Cecil, and soil column studies using all four soils.

Influence of Brass on Soil pH, Actual moisture contents of the soil pots at analysis

generally were within 90% of the target moisture content (Table 3.22). Since these pots
were sampled 1 day following the last watering, such levels were expected. The pH values
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TILL322. MOISTURE CONTENT AND pH OF BRASS-AMENDED SOILS SAMPLED AT
100 TO 440 DAYS AFTER PREPARATION

TARGET BRASS CONCENTRATION (lAg g over dry soil) I
Soil Parameter Units 0 25 100 500 2500

Burbank Moisture %/OD 18.7 27.1 21.6 20.9 22.2
Moisture %/target 81.3 118.0 93.8 91.0 96.6
pH/I 00 days /H20 6.80 7.11 7.39 7.43 7.99
p1,/250 days /1-120 7.45 7,14 7.26 7.46 7.89
pH/440 days /H20 6.95 6.94 7.25 7.30 7,77 I

Cinebar Moisture %/OO 48.4 47.8 47.2 47.0 46,4
Moisture %/target 105.1 104,0 102.7 102.2 100.o
pH/100 days /H20 5.33 5.28 5.25 5.25 5.75 IpH/250 days /H20 5.34 5.23 5.06 5.09 5.45pH/440 days /H20 5.19 5.00 4.92 5.03 5.34

Palou" Moisture %/OD 24.5 24.2 25.2 25.1 25,7 5
Moisture /t arget 94,1 93,1 96.7 96.6 98,7
pH/1/00 days /H20 4.98() 5.48 5.49 5.68 6.30
pH/250 days /H20 5,15 5.20 5.14 5.40 6,10
pH/440 days /H20 4,98 5,03 5.07 5.25 6.02

Palouse÷OM Moisture %/oo 25.1 24,3 24.3 23,7 24.2
Moisture %/target 96,6 93,5 93.3 91.1 93.2
pl-1/100 days /H20 5.48 5.35 5.40 .68 6.40
pH/250days /H20 5.34 4.73 5.19 5.37 6.23
pH/440 days /H20 5.11 5.00 5.02 5.28 6o02

(a) Reading done at -150 days, the last -50 under dark refrigeration (4C0); a seoend analyuis at 4 days was 5,41, .
An earlier reading (6.4) at 100 days warn euspeoted as being mlirecorded, I

both for water (not shown) and 0.01 M CaCI2 extractions tended to increase with Increasing 5
level of brass amendment, except in the high organic-matter Cinebar soil. Calcium chloride
is used to minimize the suspension effect (I.e., the difference in sediment and supernatant

PH) by Increasing the background electrolyte concentration; CaCI2-based pH values I
generally run slightly lower than, but are well correlated with, those In water. This generality
holds In these amended soils, where the difference Is usually In the range of 0.1 to 1.0 log m
units. The observed increase In soil pH with Increasing brass level can result either from
disruption of hydrogen-ion equilibrium by the solubIlIzed components of the brass or from
secondary effects on microbial activity. However, at each amendment level, pH values tend m
to decrease with time of equilUration, Indicating that equilibrium has not been reached with
regard to weathered components of the brass.
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We presume the Increased pH to result from the formation of the +2 Ion following Initial
oxidation by dissolved oxygen, as Indicated In the generalized equations

2M + 02.-.2MO
MO + H20 -Wa+2+ 2 OH'

Pore-water displacement may be the most direct Indicator of truly soluble components
In the soil pots. These most likely are less than would be considered available for plant
uptake. Considerable variation In response of the three soils to brass amondment Is noted In
this limited analysis set (Table 3,23). In particular, the overall decrease in soluble Ionic
content In the amended Cinebar is surprising. For Burbank, the higher pH suggests that the
solubilIzed Cu should be driven to CuO, and the Zn to Zn5 (OH)6 (C0 3 )2 (Bass and Mesmer
1976), since the organic content of this soil is minimal, The low soluble levels of Cu and Zn
Indicate that this Is occurring, The soil organic content and the increased dissolved organic
carbon (DOC) in brass-amended Cinebar could have competing effects on dissolved Cu,
which would otherwise be expected to show slight contribution (0,01%) as Cu+2, Zinc would
be less affected by organics, and would be expected to occur as Zn+2 (Baes and Mesmer
1976). Metal distributions in brass-amended PalousesOM should be similar to those
proposed for Cinebar. These results'indicate that both Cu and Zn are behaving as expected
In these soils.

Selective Extractions of Brass-Amended Soils. In Tables 3,24 and 3.25, selective
extraction results are reported on a 4g/g oven-dry soil basis. Following subtraction of the
background levels contributed by native soil minerals, defined as those levels extractable
from the unamended soils, metal content Is then described In terms of percent of the corres-
ponding metal amendment (Tables 3.25 and 3.26). To provide a uniform basis on which to
report metal distribution in selective extraction categories, we have used the results from Parr
bomb acid digestion of the amended soils as the denominator. This procedure provides a
direct method for comparing results over time, but Is hampered by Its inflexibility to recoveries
that might reflect heterogeneity in the samples, or the general improved recoveries as
summed over the sequential extraction. Recall that the Parr extractions generally yielded
results about 10% lower than the target concentration, suggesting Incomplete solublllzation
in the bomb extraction (or, more likely, the inability to prevent re-adsorption). For these data,
recovery based on selective extraction from the weathered soils generally yields Zn
recoveries in excess of the Parr bomb results, suggesting that the combination of extractants
might be aiding in solubilizing the metals.
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TABLEL323. COMPARISON OF READILY SOLUBLE COMPONENTS IN FREON-DISPLACED
PORE WATERS OF CONTROL AND BRASS-AMENDED SOILS (100 DAYS)

0 2500 0 2500 0 2500
Component Burbank Burbank Cinebar Oinebar PalousesOM Palouse.OM

pH (pH unIts) 6.81 8.07 5.22 5.34 4.90 5.64
mlug 00 soil 0.21 0.21 0,44 0.43 0.24 0.23
%H2 0 dliplaoed 61.2 60.4 32.3 27.6 36.6 34.4

..................................................... (l g/m L) .......................................................
Cu 0.01 0.47 0.01 0.57 0.01 1.16
Zn C.01 0.1 0.02 6.04 C.01 15.66

Al c.03 <.03 0.49 0.13 0.12 0.10
Ba 0.17 0.21 3.1 1,0 0,21 1,7
Ca 84.0 93.4 438,3 140.4 252.5 264.6
K 40.4 55.6 120.2 75.0 197.0 162.6
Mg 3.4 3.3 52.8 17.9 10.7 10.7
Mn C.001 <.001 0,30 7.91 0.02 0.003

Na 2.5 2.7 9.6 5.4 3.1 3.0
P 0.53 0.24 0.28 0.16 0.96 0.37
Si 16.2 6.9 12.3 8.0 34.2 14.5
Sr 0.35 0.39 9.95 3.25 1.81 1.77

C!, 5.9 6.6 33.6 12.2 27.9 31.6
N03' 367,3 266.3 2119 804.2 1230 1222
S0 4

2. 27.5 25.9 5,1 8,7 21.2 33.9
F 0.06 0.65 0.03 0.01 0.01 0.05

Organio C 19.8 35.4 21.7 27,2 14.5 23.0
Inorganio C 2.1 30.8 0.2 0.3 0.2 0.3
NH4+ 0.11 0.44 0,12 0.15 0.09 0.22

meq Cations 7.09 8.01 35.9 13.8 21.9 22.2
meq Anion@ 6.88 7.63 35.2 13.5 21.2 21.3
Anion.Cation
Balance(a) 0.017 0.024 0.009 0.010 0,017 0.021

(a) Anion-cation balance Is defined as (cation mrs - anion meq)/(oaton meq + anion meq)

3.38



I

BLE24. COMPARISON OF EXTRACTABLE Cu DISTRIBUTIONS IN CONTROL AND
BRASS AMENDED SOILS, PRIOR TO SUBTRACTION OF CONTRO-SOIL
CONTRIBUTION)

S o11l Target Bras" Conoentratlon (Pg Culg oven dry soil)
Parameter Days 0 25 100 500 2500

Burbank
Exchangeable 0 <.,4 nd(b) nd nd 2.4
Exchangeable 100 0,4 0.6 0.7 2.2 1.8
Exchangeable 250 0.2 0.3 0.5 2.0 1.5
Exchangeable 440 =0 -0 00 1.5 0.9
Inorganlcaly bound 0 <.4 nd nd nd 1540
Inorganloially bound 100 0,1 5.1 33.8 242 1352
Inorganically bound 250 0.1 4.9 34.9 257 1396
Inorganloally bound 440 N0 4.5 31,9 260 1538
Organlcally bound 0 2 nd nd nd <13
Organioally bound 100 2.1 10.0 19,2 33.0 43.1
Organloally bound 250 1.2 8.9 15,7 neg(0) nag
Organically bound 440 N0 9.9 15.5 Meg nieg
Residual, K4P207 0 3 nd nd nd 27
Residual, K4P207 100 14.0 15.4 26.3 87,3 313
Residual, K4P207 250 11.8 16.0 27.7 89s0 339
Residual, K4P207 440 10.3 15.2 28.0 107.2 457
Residual HAo 0 4 nd nd nd 108
Residual, HAo 100 13,1 23.8 44.9 83,3 191
Residual, HAo 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd

Cinebar
Exchangeable 0 <.4 nd nd nd 37
Exohangeable 1 00 0.6 0.7 0.9 3,9 34.8
Exchangeable 250 c.4 <.4 0,5 3.9 39.5
Exchangeable 440 .0 -0 .0 2.3 30,9
Inorganically bound 0 <.4 rd nd rd 858
Inorganically bound 1O0 0.2 1.3 5.5 58.9 682
Inorganically bound 250 0.1 0.9 5.1 58.2 653
Inorganically bound 440 N0 0.7 4.3 50.2 580
Organically bound 0 9 nd nd nd 526
Organlcally bound 100 8.2 16,3 46,5 177 668
Organically bound 250 6.4 14.1 39.1 142 549
Organically bound 440 8.0 15.5 38,8 153 647
Residual, K4P207 0 11 nd nd nd 316
Residual, K4P207 100 32.8 41.5 57.3 129 446
Residual, K4P207 250 34.1 39.7 60.9 138 490
Residual, K4P207 440 33.1 38,1 57.1 143 485
Residual, HAc 0 16 nd nd nd 874
Residual, HAc 100 42.9 59.9 98.4 298 1140
Residual, HAo 250 nd nd nd nd nd
Residual, HAc 440 nd rd nd nd nd
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TALE3,24 (CONTD) 3

Soil/ Target Bras Concentration (gg Cu/g oven dried soil)
Parameter Days 0 25 100 500 2500

Palouse
Exchangeable 0 <.4 nd nd nd 34
Exchangeable 100 0.4 0,0 1,2 13,2 45.1
Exchangeable 250 <.4 0.3 1.0 14.5 54.2 3
Exchangeable 440 ,0 -0 -0 12.1 50.3
Inorganically bound 0 <.4 nd nd nd 978
Inorganlcally bound 100 0.2 0,5 6,2 87.4 835 I
Inorganically bound 250 0.2 0.7 6.2 92.3 885
Inorganically bound 440 -0 0.6 5,5 90.6 901
Organically bound 0 6 nd nd nd 475
Organically bound 100 5.3 19.1 50.6 220 648•
Organically bound 250 4,8 17.1 49,1 188 494

Organically bound 440 5.9 16.4 47.3 177 439
Relsdual, K4P207 0 4 nd nd nd 141
Residual, K44P207 100 15,3 20.5 26,8 57.2 217
Residual, K4P207 250 8.2 15.4 23.2 54.4 219
Residual, K4P207 440 14.3 20.5 30.2 668.5 260
Residual, HAo 0 7 nd nd nd 686 I
Residual, HAo 100 68.4 38.8 78.1 259 796
Residual. HAo 250 nd nd nd nd nd
Residual, HAo 440 nd nd nd nd nd 3

Palouss+OM
Exchangeable 0 <.4 nd nd nd 29
Exchangeable 100 0.6 0.6 1.3 11,1 40,5 r

Exchangeable 250 <.4 0,3 1,1 13.1 46.1
Exchangeable 440 n,0 N0 MO0 11.9 49,9
Inorganically bound 0 4.4 nd md nd 950
Inorganically bound 100 0.4 0,7 6,6 90.2 806
Inorganically bound 250 0.4 0.7 6.7 93.9 851

Inorganically bound 440 n0 0.6 6.4 87.2 847
Organically bound 0 6( nd nd nd 496
Organically bound 100 5,4 18,1 53.1 224 684
Organlncl~v bound 250 5.0 17.2 50.1 195.0 585
Organioally bound 440 4,7 16.1 50.3 191 502
Residual, K4P207 0 4 nd nd nd 126
Residual, K4P207 100 14.6 16.9 28.5 56.0 217
ResiduAl, K4P207 250 11.3 16.7 25.4 51.3 226
Residual, K4P207 440 14.4 20.1 29,9 64.6 237
Residual, HAd 0 8 nd nd nd 678
Residual HAo 100 21.1 39.5 81.9 263.2 782.3
Residual, HAc 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd

(a) n - 2 at 0 days; n ,1 for all other.

(b) nd: not determined.

(c) neg: negative result to the determination of this value by subtraoling exchangeable plus Inorganic

compartments from the pyrophosphate.extraclable compartment.
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TABLE,32. COMPARISON OF EXTRACTABLE ZN DISTRIBUTIONS IN CONTROL AND
BRASS-AMENDED SOILS, BEFORE SUBTRACTION OF CONTROL-SOIL

CONTRIBUTION (n -1 ).(a)

S OIIl Target Bram Concentration (tag Znig oven dry soil)
Parameter Days 0 25 100 500 2500

Burbank
Exchangeable 0 5.4 nd(b) nd nd 8
Exchangeable 100 0.3 0,7 1.1 14.9 16,4
Exchangeable 250 0.5 0,4 1.4 14.2 16.5
Exchangeable 440 -0 ,0 n0 13.1 17.8
Inorganically bound 0 1 nd nd nd 288
Inorganically bound 100 0.6 4.3 16.8 79.8 438
Inorganically bound 250 0.7 3.9 14.2 71.5 408
Inorganically bound 440 .0 4.2 16.4 86.1 541
Organically bound 0 6 nd nd nd .50
Organically bound 100 10,8 1.6 8.2 12.8 107
Organically bound 250 2.5 3.2 4,2 7,6 70.13 Organically bound 440 -0 neg(c) neg neg neg
Residual, K4P207 0 10 nd nd nd .50
Residual, K4P207 100 48,2 51,8 58.3 87.7 184
Residual, K4P207 250 46.8 48.1 54,1 85,0 184
Residual, K4P207 440 47,5 47.5 51,8 88.8 228
Residual, HAo 0 10 nd nd nd -30

Residual, HAo 100 51,2 49.7 57.3 64,5 99.4
Residual, HAo 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd

Clnebar
Exchangeable 0 <.4 nd nd nd 278
Exchangeable 100 0.7 1.8 6,1 47.5 260
Exchangeable 250 1.6 2.1 5,8 45.7 265
Exchangeable 440 n0 1.5 4,8 38,8 243
Inorganically bound 0 a nd nd nd 308
Inorganlcally bound 100 -. 4 11,1 17,1 11,0 257
Inorganically bound 250 3.5 5,2 10,8 36,6 172
Inorganically bound 440 3.3 5,8 10.7 44,3 227
Organically bound 0 12 nd nd nd 0
Organloally bound 100 15.7 10.0 15.7 55.0 52.0
Organlcally bound 250 9.0 10,3 14,0 15,1 78.0
Organloally bound 440 neg 8.3 9,9 6.2 neg
Residual, K4P207 0 35 nd nd nd 130
Residual, K4P207 100 115 116 120 142.2 274
Residual, K4P207 250 112 114.9 137 145 297
Residual, K4P207 440 112 108 119 153 288
Residual, HAo 0 30 nd nd nd 84
Resldual, HAo 100 132 131 141.7 156 269
Residual, HAc 250 nd nd nd nd nd
Residual, HAo 440 nd nd nd nd nd
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TABE.,29, (CON'D)

Soil/ Target Brass Concentration (jAg ZrVQ oven dry soil)
Parameter Days 0 25 100 500 2500

Palouse
Exchangeable 0 -c.4 nd nd nd 268
Exohangeable 100 0.4 <.4 6.4 68.7 300
Exchangeable 250 1.2 1.2 5.8 68.8 307 I
Exchangeable 440 -0 ,,o 4.1 55.4 283
Inorganically bound 0 1 nd nd nd 262
Inorganlcally bound 100 1.5 1.8 7.1 31.7 212
Inorganically bound 250 0.6 1.6 5.9 24.5 182
Inorganically bound 440 0.5 1.5 6.0 38.7 258
Organically bound 0 12 nd nd nd 104
Organically bound 100 7.4 11.0 11.5 30.2 97.1
Organcally bound 250 3.7 6.9 11.8 33.7 98.8
Organically bound 440 nag nag 9.7 12.8 nag
Residual, K4P207 0 10 nd nd nd 80
Reeldual, K4P207 100 58.2 62.2 61.9 75.3 138
Residual, K4P207 250 46.5 55.7 58.4 70.1 133
Residual, K4P207 440 54.2 57.6 62.1 80.9 154
Residual, HAc 0 12 nd nd iAd 74
Realdul, HAo 100 66.4 66,7 73.0 83.6 141
Residual, HAo 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd

PalouseOM I
Exchangeable 0 c.4 nd nd nd 250
Exchangeable 100 0.8 1.2 7.4 68.1 286
Exchangeable 250 1.0 1.7 6.7 69.2 292
Exchangeable 440 40 ,0 4.7 59.8 300 U
Inorganically bound 0 1 nd nd nd 272
Inorganloally bound 100 0.9 1.0 7.3 31.6 205
Inorganloally bound 250 0.5 1.6 6.2 26.5 178
Inorganloally bound 440 0.5 1.4 7.1 35.1 221 I
Organically bound 0 5 nd nd nd 90
Organloially bound 100 5.2 8.4 11.1 31.0 111
Organically bound 250 4.7 8.4 11.5 28.6 107
Organically bound 440 nag nag 8.7 8.2 2.9
Residual, K4P207 0 10 nd nd nd 56
Residual, K4P207 100 56.7 60.4 65.1 74.7 138
Residual, K4P207 250 53.2 54.2 58.8 64.6 134
Residual, K4P207 440 56.6 55.9 61.7 78.1 237 I
Residual, HA. 0 14 nd nd nd 74
Residual, HAo 100 60.7 67,0 72.7 83.5 139
Residual, HAc 250 nd nd nd nd nd
Residual, HA. 440 nd nd nd nd nd

(a) n a 2 at 0 days; n - I for all others.
(b) nd: not determined. I
(c) nag: negative result to the determination of this value by subtracting exchangeable plus Inorganic

compartments from the pyrophosphate.extractable compartment. 3
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ITABLEL32. SUMMARY COMPARISON OF SELECTIVE EXTRACTION TECHNIQUES FOR
BRASS-AMENDED SOILS: Cu

Soil Concentration Elapsed Exchangeable Inorganically Organically Residual Total
[Target] Days Bound Bound P207 Recoverable Zn

.--- (% Total Cu, extraction recovery)-------.. g/g oven dry soil

Brass only(e) .6 99 .O nd
Burbank

25 100 1 35 54 10 15
250 I6 28 45 26 17
440 ,,0 23.4 52 25 19

100 100 .6 53 27 19 63
250 .4 53 22 25 66
440 No 49 24 27 66

500 100 .6 70 9 21 348
250 .6 76 -0 23 336
440 .4 73 -O 27 358

2500 100 180 s2 18 1693
250 .1 81 0 19 1715
440 .0 78 .0 23 1966

Cinebar
25 100 .5 6 44 49 18

250 -0 a 55 40 14
440 N0 5 67 38 13

100 100 .4 8 s6 36 (
250 1 a 50 41 65
440 N0 7 52 41 59

500 100 1 18 62 29 328
250 1 19 45 34 302
440 .8 16 47 36 307

2500 100 2 38 37 23 1789
250 2 39 32 27 1691
440 2 34 36 27 1702

Palouse
25 100 <.I 2 71 27 19

250 .0 2.4 62 36 20
440 ,0 3.3 61 36 17

100 100 1 10 71 18 64
250 2 9 67 23 s6
440 -0 9 66 25 63

500 100 4 24 60 12 356
250 4 27 54 14 336
440 4 28 52 I6 326

2500 100 3 48 37 12 1724
250 3 54 30 13 1638
440 3.1 55 27 15 1630
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TIi 3.26. (CON'T) 3
Soil Concentration Elapsed Exohangable Inorganically Organically Residual Total

(Target) Days bound bound P207 Rcooverable Cu I
-. (% Total Cu, extraction recovery) ------- g'g oven dry soil

Palou8@+OM
25 100 .1 2 73 25 17

250 2 2 67 30 is -

440 N0 3.5 64 32 18
100 100 1 9 70 20 69 i

250 2 10 68 21 67
440 n0 10 67 23 66

500 100 3 25 61 12 360
250 4 28 56 12 337
440 3.6 26 55 1s 335

2500 100 2 47 39 12 1727

250 3 51 34 13 1671
440 3.1 52 31 14 1617

25 100 .4 +5 11 :t16 60 k 14 28 116 17 12

250 .6 t.8 9 :k:12 87 k 9 33 16 18 ±3
440 n0 h0 9 * 10 59 1 5 33 ±6 17 l3 3

100 100 .8 1.4 20 t*22 56 1 20 23 ±8 66 :3 3
250 11 .6 20 ::22 52 ;t 21 27 ±:9 6 6± 1
440 ..0 :h0 19 ±:20 52 ± 20 29 18 64 ± 4

500 100 2.0 l 1.5 34* 24 45 t 25 18 t 9 348 :: 14
250 2.5 1±1.9 38:: 26 39 ;t 26 21 110 328 t17
440 2.1 ±:1.8 36 * 25 39 : 26 24 ±10 332 ±22

2500 100 1.7 ± 1.1 53 ± 18 29 h 18 16 :J:6 1733 k40
250 2.1 11.4 56 :±:18 24 ± 16 17 :±7 1679 ±32
440 2 ±1.4 55 :18 24 1 16 20 *6 1734 ±172

(a) Done as separate extractions only, not as sequential extractions.
(b) First value Is at solution ratio equivalent to that used for extraction of the 2500 gg bras,/g soil amendment

level; s;econd value is for extraction solution: brass ratio 1 Ox that of the first.
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The 0-time extraction of control soils and 2500-gg/g-amended soils was done within110 to 25 days of initial soil amendment (0 time). Prior to analysis, the aliquots were stored in
the dark at 40C, in sealed poly bags. Following pyrophosphate or CaCI2 /acetIC acid extrac-
tion, the extraction residues were digested in several steps in an effort to recover residual
metal components after pyrophosphate or acetic acid extractions; because of these steps,
digestion efficiency was probably diminished, as suggested by the level of unaccounted for3 Cu. Current procedures depend on sealed-vessel (Parr) bomb acid digestion of all residual
fractions. The bulk of recovered Cu extracted as expected In the Inorganically bound frac-
tion, but mass balance was poor. Zinc also extracted In the Inorganic fraction for Burbank
soil, but appeared to be more readily exchangeable In 'I"nebar and Palouse soils.

At the 100- to 440-day samplings (weathered); Cu is associated primarily with the
Inorganically bound fraction in Burbank soil, as it Is in the 0-time amended soil (Table 3,24).
In the three weathered and the 0-time soil treatments for Palouse and Clnebar, Cu Is associ-5ated with the inorganic-bound and organic-bound fractions, Indicating the Importance of soil
organic matter. Zinc is found mainly In the Inorganically bound fraction for Burbank (Table
3,25), but appears more readily exchangeable at the higher amendment levels in Cinebar
and Palouse. The fraction of Zn associated with the organic-bound compartment increases
with decreasing amendment level, similarly to the Cu response. This would suggest that3 complexation sites for solubilized Zn and Cu are limited, Distribution patterns are generally
similar for the 0-time and 100- to 440-day weathered soils,

In Tables 3.22 and 3,27, the data presented in Tables 3.24 and 3.25 are expressed as
a % of total Cu or Zn, based on Parr bomb digestion for total metal. Based on the fraction
percentages for the 2500-g/g treatments, notable differences between the O-time and 100-
day weathered samples exist. For Burbank, on weathering there is a decrease In Cu
associated with the inorganically bound fraction and an Increase in the fraction associated
with the organically bound and residual fractions. Similar trends are observed for the Palouse
and Cinebar soils, with the fraction of Cu associated with the organically bound Increasing
dramatically on weathering. This would be expected for the higher organic-matter soils, The3 behavior of Zn on weathering (Table 3.27) is similar to Cu, except that substantially less Zn Is
found In the organically bound fraction. This would suggest that organic complexatlon may3 not play a significant role In binding solubilIzed Zn.

The hot-water extraction procedure Is designed to minimize the effects of microbial
Interactions and varying rates in approaching equilibrium between aqueous and solid

phases that are common to long-term leaching studies. The 20:1 water to solids ratio Is
chosen to eliminate many of the mineral solubility controls without adversely sacrificing3 detection; the extraction time and temperature were optimized In earlier In-house work

3 3.45

UI I I I I " 'I ll I



,I
I

Involving soil and ash samples. Solutions resulting from this method showed increased pH

at the higher amendment levels, though the difference was less marked, because of the I
dilution effect.

Selected readily soluble components, as determined by the hot-water extraction
procedure, are listed In Table 3.28. The hot-water extraction tends to Increase solubilizatlon
of organic-carbon components, often with corresponding Impairment of the anion/cation
balance because organic anions are not analyzed, Several general observations can be
made from the resulting dissolved species. Copper and Zn show the expected Increase In
solubility with Increased amendment level, but the Increase It; much less pronc'unced for
Burbank than for the other soils. The ratio of Zn to Cu In the dissolution from Burbank soil Is
significantly lower than that from the other soils, Burbank soil also shows decreased soluble
Al, Mn, and Fe with Increased brass amendment level; in contrast, the other soils generally
show constant or Increasing levels of these three elements. Total P declines with increasing
brass amendment for all soils except Cinsbar. Phosphate would be Important to the solution I
chemistry of Zn and Fe, and to the major cations Ca and Mg (Lindsay 1979), but It also could
be involved with precipitation of Al, depending on saturation level and availability of K (Van 3
Rlemsdljk and Lyklema 1980). Although detailed soils discussion Is outside the scope of this
project, these observations Indicate that soil conditions strongly Influence the weathering of I
brass, which In turn alters distributions of other species.

The amount of brass solubilized from the highest brass-amendinent level by the hot-

water extraction represents roughly 0.5% of that In Burbank soil, based on Cu analysis, and
only 0,1 to 0,3% for Zn. Palouse soils show 1.8 to 2.1% brass dissolved, based on Cu, and
1.3 to 1.8% based on Zn. For Clnebar, solubility appears to be affected by the pretreatment of
the soil: for tUme-0 dry soil, 3.5% was soluble, based on Cu, and 2.7%, based on Zn; for wet
soil, the level dropped to 1,5% based on Cu and 1.1% based on Zn. After 100 days of
weathering, the value was -1.5%, based on either metal,

Major cations such as Ca, Na, and K are not Included in these tables because their
soluble components changed very little with changes In brass concentration and because the
high dilution factor resulting from the hot-water extract would tend to Increase dissolution,
thereby masking minor changes in true pore-water concentrations, Generally, from 1,2 to 3.5
times the pore-water Ca was solubilIzed by the hot-water extraction; similarly, the factors
were 7 to 13 times for Na and 3.6 to 5 times for K.

Major anionic components, ammonia, and C distribution In the hot-water extraction are
listed In Table 3.29. DOC levels show no effect of brass amendment. The Increase in
inorganic carbon can be attributed In part to the Increase In pH with increasing brass
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amendment. Ammonia levels increase with Increasing brass amendment for all soils; nitrite
levels shiow slight peak with 25 and 100 ppm brass for Palouse÷CM and Palouse,
respectively: nitrate peaks at 500 ppm brass for Burbank and Cinebar, but shows less
prominent variation for Palouse+OM, and a general decrease wiah nross an tendment for
Palouse. The nitrogen spe.ies could be controlled by both c! ..•.'ical and microbiological
processes. The markedly lower ammonia levels In the displaced pore watbrs, relative to the

ITALLL2 SUMMARY COMPARISON OF SELECTIVE EXTRACTION TECHNIQUES FOR
BRASS-AMENDED SOILS: Zn

Soil Conoentraion Elapaed Exohangeable Inorganioally 'gamrciloly Residual Total
(To'get] Days Bound Bound P207 Recoverable Zn

- (% Total Zn, extraction recovery).-....--.-. MQ/g oven dry sil

Bra"ionly(') 1.2 s6 43 nd
Burbank 25 100 6 48 bdl(b) 47 a

250 cbkl('0) 71 bdl 29 17
440 0 gg -o 1 4

100 100 3 o0 bd 38 27
250 4 58 7 31 23
440 -0 79 ,0 21 21

500 100 11 56 2 29 135
250 11 55 4 30 128
440 9 61 -0 29 141

2500 100 2 04 14 20 685
250 3 65 11 22 625
440 2 73 N0 24 739

Cinebar
25 100 8 88 bd 4 13

250 a 28 21 43 6
440 13 21 103 nag 11

100 100 20 63 .1 17 27
250 10 17 12 61 41
440 15 23 40 23 33

500 100 38 38 2 22 124
250 38 28 5 28 116
440 30 32 7 31 130

2500 100 36 36 5 22 713
250 38 24 10 27 685
440 38 35 .0 27 643

Palouse
25 100 .1 4 42 53 8

250 :1 7 24 69 13
440 .0 22 .0 78 4

100 100 31 29 21 10 19

1 3.47
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IARLJ.LL327 (CON'M) 3
Soil Conoentration Elapsed Exchangeable Inorganically Orgsnically Residual Total

[Target] Days Bound Bound P207 Recoverable Zn
.-..--- (% total Zn, extraction recovery).----. . g/g oven dry coil 3

Palouse (cont.)
250 15 16 27 40 30

440 15 20 37 29 28
500 100 50 21 17 12 136

250 46 16 21 1i 145
440 42 29 10 20 134

2500 100 44 31 13 12 600 I
250 46 27 14 13 670

440 44 40 NO 16 640 3
Palouse.OM I

25 100 5 12 38 44 8
250 16 24 39 21 4
440 N0 352 ,0 nag 0.3

100 100 24 23 22 31 27
250 24 23 28 23 24
440 18 26 36 20 26

500 100 48 22 18 13 142
250 53 20 18 9 129
440 49 28 7 16 123

2500 100 42 30 16 12 676 U
250 45 27 16 12 651

440 49 36 0,6 ¶5 614

Overall Soil Average* (see Table V.10 of Bra& Monthly Report): U
25 100 504 38k38 20:t23 37+22 9±2

250 6±8 33±28 21±18 41±21 7±4
440 3U7 123±157 26±52 53±141 5±5

100 100 20±12 44±21 11±12 28.,.10 25*4
250 13±9 29±19 19±11 39±16 29±8
440 1208 37±28 28±19 23U4 27±5

500 100 37118 35±18 10±9 19±8 134:8kI
250 37±18 30±18 12t9 21±10 130012
440 32±17 37±16 6±4 24±7 132:8t

2500 100 31±20 40±16 12±5 16±5 888t17
250 33±20 36±19 1303 19±7 558±26
440 33±2 146±18 0.1±0.3 21±6 172±659

(a) Done as separate extractions only, not as sequential extraction@. I
(b) Below detection limit (bdl) designations for the organically bound compartment are controlled by the

difference between the pyrophoaphate extraction and the sum of the exchangeable and Inorganically
bound fraction. Since the result Is then corrected for the cuntrol-soll contribution, there are cases where the U
resulting value is negative We presume the value in those cases to be minor, though it could amount to a
detection limit on the 25. and 1 0.p0g/g amended soils of up to about 1.5 and 0.5 %, respectively.

Value was loes than the control moil, resulting in a negative value.
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IALLS-,2a. SOLUBILIZATION OF COMPONENTS OF BRASS-AMENDED SOILS BY HOT-
WATER EXTRACTION AND COMPARISON TO DIRECT PORE-WATER
DISPLACEMENT: METAL ANALYSES

Metal Concentration (ugg oven dry soil)
Soil Amendment Cu Zn Al Fe Mg Mn P (total)

level

Time 0, at time of Soil Preparation:

Burbank 0, dry 0.21 0.00 1.46 0.33 7.75 0.17 12.6
Burbank 2500,dry 8.91 1,44 1.46 0.45 6.28 0.26 9.1
Burbank 2500, wet 8.88 0.62 0.50 0.47 10.68 0.12 7.9
Cinebar 0. drv 0.17 0.21 8.04 2.29 44.38 25,17 12.1
Clnebar 2500, dry 64.03 18.52 8.35 3.92 49.59 37.87 11.7
Clnebar 2500, wet 27.41 7.75 15.66 6.83 46.49 34,64 12.4
Palouse 0, dry 0.25 0.00 3.33 2.08 9.59 2.01 50.0
Palouse 2500, dry 33.43 9.11 2.30 1.63 16.11 3.79 26,5
Palouse 2500, wet 32.28 8,74 2.20 1.57 15.30 4.04 22.5
Palouee+OM 0 ,dry 0.22 0.00 3.15 1.96 10.30 2.49 51.2
PaloueeiOM 2500, dry 38.24 9.87 6.09 4.15 18.48 4.53 29.7
Palouse+OM 2500, wet 37.35 8.82 3.49 2.43 17.07 4.24 25.03 Weathered, at 100 days:

Burbank 0 0.14 0.00 1.83 1,63 7.61 0.26 12.5
Burbank 25 0.85 0.00 1,19 0.99 11.81 0.38 12.9
Burbank 100 1.99 0.00 0,68 0.42 11.76 0.48 11.7
Burbank 500 8.37 0.42 0.00 0.18 12.86 0.44 10.5
Burbank 2500 8.59 0.84 0.00 0.28 11.44 0.16 9.8
Burbank 2500 9.47 0.96 0.60 0.34 12.00 0.20 9.2
Clnebar 0 0.16 0.00 12.36 5.27 74.66 82.79 10.7Cinp.bar 25 0.38 0.00 12.32 4.77 52.90 45.49 11.4Cinebar 100 1.04 0.00 13.49 4.84 63.01 52,17 10.8
CQnebar Soo 4.46 1.12 12.93 6.5,3 68.76 514.07 10.8Clnebar 2500 27.01 9.12 12.83 9.22 58.59 58.99 11.5
CQnebar 2500 27.47 9.10 14.00 13.61 58.55 54.94 11.8

Palouse 0 0.18 0.00 2.31 1.29 16.07 4.62 59.7
Palouase 25 0.54 0.00 6.35 4.00 14.35 3,32 53.9
Palouse 100 1.41 0.00 5.87 3.66 13.91 3.74 54.3
Palouse 500 6.24 1.38 5.84 3.83 14.72 4.06 52.2
Palouse 2500 37.46 11.20 6.05 3.47 19.17 4,89 34.1
Palouse 2500 40.65 12.74 5.39 3.74 22.13 6.46 36.2
Palouee+OM 0 0.24 0.00 6.82 4.43 16.32 4,45 56.3
PaloueeiOM 25 0.68 0.00 6.66 4.38 14.79 4.66 54.2
Pslouee+OM 100 1.51 0.00 6.13 3.86 14.18 3.70 50.2
Palouee÷OM 500 5.80 1.20 5.48 3.43 12.28 3.25 48.2
Palouee+OM 2500 29.26 8.50 5.43 3.71 16.16 3.79 28.3
Palouse+OM 2500 34,94 9.82 5.44 3.69 18.33 2.81 32.1

Pore Waters:

Burbank 0 0.002 0.000 0.00 0.00 3.43 0.00 0.1
Burbank 2500 0.099 0.021 0.00 0.00 3.39 0.00 0.1
Clnebar 0 0.003 0.009 0.22 0.00 52.81 0.30 0.'i
Clnebar 2500 0.246 2.600 0.06 0.01 17.91 7.91 0.1
PalousG+OM 0 0.001 0.000 0.03 0.00 10.67 0.02 0.2
Palouee÷OM 2500 0.271 3.652 0.02 0.00 10.74 0.00 0.1

1 3.49
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TABLE . 2. SOLUBILIZATION OF COMPONENTS OF BRASS-AMENDED SOILS BY HOT-
WATER EXTRACTION, AND COMPARISON TO DIRECT-PORE-WATER I
DISPLACEMENT ANION AND ORGANIC ANALYSES

Concentration (94/g oven dry soil)
Soil Amendment DOC C NO2  NH4  NO3  SO4  C0 P0 4 Oxslatelevel

Time 0, at time of 8o1 Preparation:
Burbank 0. dry nd nd 0,4 0.0 1,4 9.37 1.99 34.50 7.98 I
Burbank 2500, dry nd nd 0.2 0.0 1.4 6.98 0.60 27.30 10.56
Burbank 2500, wet nd nd 0.6 0.0 2.6 10.58 1.37 18.42 21.56
Cineber 0, dry rid nd 0.0 0.0 335,8 75.41 23.00 19.00 33.80
Clnebar 2500, dry nd nd 0,0 0,0 269,1 92.13 21.42 16.18 67.88
Zinebar 2500, wet nd nd 0,0 0.0 252.3 79,56 21.92 24.36 53.58
Palou$e 0,dry nd nd 1.0 0.0 175.8 22.30 1.39 154.11 4.18
Palou&e 2500, dry nd nd 0,4 0.0 189.9 37.28 1.98 75.91 37.66
Palouse 2500, wet nd nd 0.4 0.0 175,1 36.78 1.77 62.16 36.00
Palouse+OM 0, dry nd nd 0.9 0.0 148.2 24.24 6.31 153.70 6.50
Palouee+OM 2500, dry nd nd 0.6 0.0 147.3 36,03 8.77 80.62 55.94
Palousu+OM 2500, wet nd nd 0.4 0.0 143,0 35,76 7.59 70.12 45.35

Weathered, at 100 days: 3
Burbank 0 255 17.6 0.5 2.4 74.6 10.33 2.44 30.81 8.00
Burbank 25 302 20,8 2.5 2.4 22.2 15.68 4.21 29.51 10.03
Burbank 100 307 23.2 0.5 2.8 16,6 12.04 3.95 27.94 10.89
Burbank 500 278 26.2 2.2 2,6 99.9 14,54 3.68 29.12 16.11
Burbank 2500 305 46.9 0.5 4.8 50.7 12.72 4.41 22.08 22.69
Burbank 2500 283 48,2 0.5 4,6 51.4 13.13 3.96 21.47 23.26
Cinebar 0 2759 82.2 0.9 35.9 825.8 95.25 34.08 10.05 41.34
Clnabar 25 2714 78.3 1.1 35,5 392.8 86.87 29.63 13.90 37.42
Clnebar 100 2658 74.8 1.0 36.8 614,3 94.50 29.01 11.35 37.48
Clnebar 500 2551 70.5 0.8 37.4 748,7 95.12 33.15 10.83 39.16
Clnebar 2500 2208 93.8 1.3 40.7 290.5 93.31 25.36 9,81 63.41
Cinsbar 2500 2860 85,2 1.0 45.9 256.6 91.47 30.13 10.87 70.48
Palouse 0 1103 13.6 1.5 11.2 261.7 38.20 6.97 149.96 7.09
Palouse 25 634 14.9 1.7 9.5 208.8 31.98 5.51 138.04 5.86
Palouse 100 741 14.8 3.0 8.2 186.8 28.64 5.33 141.06 6.41
Palouse 500 812 15.9 1.2 9.5 185.3 31.35 5.94 136.00 10.38 I
Palouse 2500 816 36.1 0.9 13.5 153,7 39.25 Int.(a) 91,97 52.09
Palouse 2500 863 41.2 0.9 15.1 192.4 47.23 Inl.(a) 95.29 58.74
Palouse+OM 0 889 13.8 1.9 10.4 264.9 30.11 11 89 149,02 7.54
PaiousaaOM 25 851 15.7 3.1 10.1 228,6 28.26 10.03 141.10 7.46
Palouse+OM 100 784 15,5 1.4 10.3 312.6 30,19 12.66 126.72 6.81
Palouse0+OM 500 773 17,7 1.0 11.1 192.3 29.85 11.65 120.83 10.92
Paloua*+OM 2500 693 31,3 0.9 12.8 273.3 33.14 14.90 67.68 40.33
Palouse+OM 2500 802 30.5 0.8 14.7 223.4 32.51 15.00 67.84 42.78 3

Poeaters

Burbank 0 4.2 0.4 0.0 0.02 77.0 5.76 1.24 0,17 0.00
Burbank 2500 7.5 6.5 0.0 0.09 56.5 5.49 1.39 0.04 0.00 U
Clnebar 0 9.5 0.1 0.0 0.05 931.0 2.26 14.75 0.00 0.00
Clriebar 2500 11.7 0.1 0.0 0.06 346.1 3.73 5.27 0.00 0.00
Palousq+OM 0 3.4 0.0 0.0 0.02 293.6 5.05 6.64 0.18 0.00
Palouse+OM 2500 5.4 0.1 0.0 0.05 2865.0 7.90 7.37 0.00 0.00 I

(a) Int: Interference with the analysis of CI by ion chromatograph.
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hot-water extract, would suggest that chemical processes may be prominent, since the action
of the hot water extraction should have effectively eliminated further microbial transformations.
In coatrast, nitrate levels in the displaced pore waters correlate well with those from the hot
water extractions. Sulfate solubilization Is Increased roughly by a factor of 2, 25 to 40, ano 4 to
6 for Burbank, Cinebar, and Paiouse+OM, respectively, as a result of the removal of most
solubility controls. Chloride levels for CInebar hot-water extraction are about 2 to 6 times those3of the displaced pore waters. Phosphate solubility Increased dramatically for all soils under
hot-water extraction, demonstrating a significant pool of readily available nutrient. At 100 days,
phosphate accounts for the bulk of total dissolved P (Table 3.28) for Burbank (76 to 92%),
Palouse (84 to 90%), and Palouse+OM (70 to 88%), but only 28 to 41% for CInebar. At Initial
soil amendment, phosphate accounted for 44 to 66% of the total P for Cinebar, and over 90%
for the other soils. Oxalate solubility Is greatly Increased by hot-water extraction, as Is DOC In
general. Oxalate Increases with Increasing brass amendment for all soils; oxalate and other

i organic acids would tend to aid In metal solubilizatlon through complexatlon.

Summary of Extraction Results. Because the Initial selective extractions were
calculated from comparisons to Parr bomb digestions of soils, which differed from the total
recovery by the extraction series, we recalculated the Cu and Zn distribution based on total
metal via extraction recovery for the exchangeable, Inorganically and organically bound, and3m residual compartments, so that these values could be more easily compared and averaged
over the exposed soils. As before, the compartments resulting from the selective extraction
techniques are referred to by their nominal extraction categories, without further acmual proof
that the categories are mutually exclusive or unaffected by readsorption reactions.

3 Generally, the amount of both Cu and Zn in the residual compartment increased
between the t - 0 and the t - 100 days extractions and changed little to 440 days, but much of
this increase likely was due to the Improved analysis of the residual at the latter sampling
time. At the highest amendment level, Inorganically bound Cu decreased and organically
bound Increased with time: for Zn, the variation in results overshadowed any trends.

I All soils showed similarly low exchangeable Cu, while exchangeable Zn was
depressed in Burbank and Incruased dramatically in the other soils, The inorganically bound3 Cu is predominant for Burbank, but less important for the other soil, particularly at lower
amendment levels; Inorganically bound Zn is predominant for Burbank and a major
compartment for Cinebar, but is of less Importance for Palouse. Copper in the organically

bound compartment Is Increasingly important with decreasing brass concentration,
p,.rticularly for Palouse; Zn shows a slight similar trend. This may reflect limited organic3Ilgands in the soils. Residual Cu is greatest for CInebar, while residual Zn is greatest for
Burbank and the lower amendments of Palouse.
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In general, these data show that exchangeable Cu and Zn Increase with increasing
brass amendment, though the Cu component remains minor. The Inorganically bound
compartment shows Increasing Cu but steady Zn with Increasing brass. Organically bound
and residual compartments show decreasing Cu and Zn with increasing brass amendment.

3.5.2 Toxfoitv and Availability of Brass 0ormponents to Plants

Potential effects of soil-deposited brass flake on vegetation were assessed using soil-
amended brass. Soils were then allowed to weather over an extended time with samples
periodlcally taken and tested for relative phytotoxiclty to different plant species. Soil treat-
ments Included Burbank, Cinebar, Palouse, and Palouse + OM (0.22% w/w dried and ground
alfalfa). Each soil type was amended with four concentrations of the brass flake (25, 100,
500, and 2500 ppm), placed into 400-g pots, and maintained in the greenhouse. Eight pots
of each soil type and concentration were selected for testing at approximately 0, 100, 300,
and 450 days post-amendment. The procedure for each sample period Is given In a flow
chart In Figure 3.7. One of the eight pots was used for both soil microbiological activity and
soil chemistry, while another was divided into six soil coupons and used for germination
studies, with two coupons each for the three plant species. Bush bean, alfalfa, and tall
fescue were seeded with either 15 (bush bean) or 20 (alfalfa and tall fescue) seeds.3 Germination percentage was determined 2 weeks after seeding.

The remaining six pots were planted with either bush been or tall fescue and main.

tained In the growth chamber (27/200C day/night temperatures for the bean and 25/18 for the
grass at 400 p.E/mW/s PAR) for 60 days for the bean and 120 days for the grass (two harvests
at 60 and 120 days). At these times the plants were rated for phytotoxic symptomatology,
using the Modified Daubenmire Rating system described earlier, and harvested. The beans
were separated Into various aboveground plant components such as leaves, stems, pods,
and seed (when present), dried at 600C for 7 days, and weighed. The grass was similarly
sampled at each harvest. Aliquots from all tissues were subsequently taken, wet digested,

5 and processed for ICAP analysis.

Effects on Seed Germination. Tables 3.30 and 3.31 give the average percent

3 germination, at 0 time and 450 days, respectively, for bush bean, alfalfa, and tall fescue seeds
planted In soil coupons of the four soil types amended to the various brass concentrations.
Results for Intermediate times are not provided. TWo observations may be made from these

data. First, germination apparent by was not Inhibited by Increasing concentrations of brass
In any soil type, This was irue for soils at each of the four aging Intervals Including the last, at3 450 days post-amendment (Table 3.31). This may Indicate either that the brass had not
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sufficiently weathered to promote a high enough soil concentration of Zn or Cu to be toxic to
germinating seeds or that the seeds themselves are not affected by external Cu and Zn I
levels. I
T. AVERAGE PERCENT GERMINATION FOR BUSH BEANS, ALFALFA, AND TALL

FESCUE SEEDED IN SOIL COUPONS AMENDED WITH BRASS FLAKE AT
DIFFERENT CONCENTRATIONS (PLANTING 0 TIME). SEEDING RATE PER I
COUPON: BUSH BEAN, 15; ALFALFA AND TALL FESCUE, 20. PERCENTAGES
WERE RECORDED AT 14 DAYS AFTER SEEDING AND AT1i DAYS

POST-AMENDMENT. I l
soil Bran-Fluake - Avemne % , Vsdaiin. In,,2

Concentration (JAgwg) Bush Been Alfalfs Tall Foesue 5
Burbank I

0 100,0±:1:0.0 77.5f10.0 67.5±2.5
25 100.0+0.0 92.5±7.5 95.0±2.5

100 100.0±0,0 80.0±15.0 75,0±0,0
500 100.040.0 92.5:.75 10.005.0

2500 100.0±0.0 80.0±7.5 65,0:10.0
Cinsbar

0 100.0.*0.0 90.0±0.0 65.0*0.0
25 100.0±00, 72.5±7,5 67,5±2.5

100 100.0*0.0 95,0±5,0 8010:5.0
500 100,0±0.0 85.0±7.5 70,0±0.0

2500 100.0±0.0 80,0±7.5 77,5±2.5
Palouse

0 50.0±1.3 55,0±010 62.5±7.5
25 40.0±0.0 50.0±7.5 70,0*5.0 I

100 46.7±0.0 72.5±7.5 60,0*5.0
500 70.0±20.0 75.0±0.0 60,0±0.0

S2500 93.3±0.0 80.0+10.0 80.0±2.5

0 43.3±1.3 55.5±0.0 55,0±15.0
25 63.3±35.0 62.5±10.0 62.5±7.5

100 70.0±6.7 65.0±5.0 62.5+2,5 .
500 56.7±33.3 52,5±7.5 67.5±7.5

2500 80.7±6.7 85,0±0.0 77.5±2.5 3
(a) Soil with 0.22% w/w dried ground alfalfa.

I
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TAI~LI -31. AVERAGE PERCENT GERMINATION FOR BUSH BEANS, ALFALFA, AND TALL
FESCUE SEEDED IN SOIL COUPONS AMENDED WITH BRASS FLAKE AT
DIFFERENT CONCENTRATIONS (PLANTING C). SEEDING RATE PER
COUPON: BUSH BEAN, 15; ALFALFA AND TALL FESCUE, 20.
PERCENTAGES WERE RECORDED AT 14 DAYS AFTER SEEDING AND AT
15 DAYS POST-AMENDMENT,

Sall Braaa.Flake a vmqa'. uiii*In.*

Concentraton (Agm) Such Bean Alfalfa Tail Fescue

I Burbank
0 100.0*010 90.0±5.0 $010:15.0

28 100.0*0.0 80.0*5.C 67.W*.5I100 100.0±0.0 62.512.5 85.0±0.0
S00 100.0*0.0 92. 5±2.65 72.3±7.5

2500 100.0*0.0 90.0*0.0 65.0*10,0
Cinebar 0100009.*1 

25t.

250000.0H M 9.±.

Plue0 53.3*26.7 25.0±10.0 55.5±2.5
25 80.0±13.3 40.0±5.0 67,5:t2.5

100 70.0±26.7 57.5:k6.0 57.5*715
S00 100.0*0,0 85.0*1 0.0 72.5±2.5

2500 86.7±13.3 77,5*7.5 57.5±12.15
Palouse+OM()

0 80-0±10.0 30.007.5 40.0±15.0
25 63.31-20.0 52.5*1 0.0 70.0:0.0

100 80.0*13.3 36.0±6.0 47.5±5.0
500 90.0±13.3 80.0±5.0 67.5±245

2500 93.31:0.0 82.5±2.5 82.5±5.0

a)Soil wth 0.22% wiw dried ground alfalfa.

However, the latter possibility Is not completely accurate, because there was aI stimulation In the germination percentage, particularly In the palouse bush beans and tall
fescue, at all dates In the Intermediate concentrations (25 to 500 ppm). One of the two
principal Ions associated with brass, most likely Zn, because of Its role as a cofactor In many
respiratory enzymes, may be promoting a faster ra. 3 of growth. Alternatively, the Cu and Zn,
particularly for the Palouse soils, may be Inhibiting soil fungi, which otherwise appeared to

damage the Imbibed seeds In these soils, thus lowering their overall germination percentage.
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Ljg-Terjm Effeats of BransFlake soll Amandmant on Plant PhvtatoxiI. The visual I
damage ratings and symptomatologles for bush bean and tall fescue plants grown for 60 days
In brass-flake-amended pots following different Incubation (weathering) periods are given in
Tables 3.32 (100 days) and 3,33 (410 days). The data Indicate that up to soil concentrations of
500 ppm the bush bean was the most resistant to any Influences from the brass flake. This
observation was consistent over the entire 450-day weathering, although visible phyotoxicity
may have Increased slightly at the lower concentrations in the Burbank soil during the latter
planting periods, as shown by comparing Table 3.32 results with those In Table 3.33. 3

In all cases and in all soil types, significant effects were evident In the plants grown In
2500-ppm pots at all times. The degree of phytotoxicity was somewhat higher at the longer 3
Incubations, with Increasing evidence of stunting and growth deficiencies along with general
chlorosis and necrotic spotting, These are general characteristics of both Cu and Zn toxIcItIes
within the foliage. It was also evident that the soil type was Instrumental In the onset and I
degree of Cu and Zn phytotoxlclty. In all cases, the bush beans grown in the Burbank soil,
which has the lowest CEO and therefore the greatest potential for free Cu and Zn Ions to be I
present In the soil solution, exhibited the most severe symptoms.

The tall fescue appeared to be slightly more sensitive to the brass over time, at lower I
concentrations (>500 ppm) having greater damage (Tables 3.32 and 3.33). Again, this was
particularly true for the Burbank-soil plants at 500 ppm, and abaln may be attributed to the soil
characteristic, At the higher brass concentrations In all soil types there appeared to be a
reduction in the degree of tip burn, the cause of which may have been relieved by the
additional Cu or Zn, although this symptom may have been masked by the Increasing
chlorosls of the tissue and accompanying reduction In rate of growth. Phytotoxicity at the
various concentrations did not appear to increase significantly with weathering time In any of
the soil types, although a slight Increase for the tall fescue may have been evident for the final I
470-day harvest.

II
I
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T A PLANT SYMPTOMATOLOGY TO BRASS SOIL AMENDMENT. SYMPTO-3 MATOLOGY DETERMINATIONS MADE 60 DAYS AFTER PLANTING(a) AND
160 DAYS AFTER AMENDMENT OF BRASS FLAKE TO THE VARIOUS SOILS
AT 0, 25, 100, 500, AND 2500 ppmUSpsoIlIId Thatletv ____________

Soil Soil Concentration, Damage Index Symptomatology

(Ag/) (DR Solse)

iBuh Be9n
Burbank 0 1,0 O&NGDH(b)

25 1.0 O&NGDH
100 2.0 O&NGDH
500 2.0 NS, Chi

2500 5,0 NS, Chi, TS

Clnebar 0 1.0 O&NGDH
25 1.0 NS, Chi

100 1.3 NS, Chl
500 1.0 NS, Chi

2500 610 NS, Chl, Dwarfed Leaves

Palouse 0 1,0 O&NGDH
25 1.3 NS, Chi

100 1.0 NS, Chl

500 1.3 NS, Chi
2500 5.7 NS, Chi

Palouse + OM(0) 0 1,0 O&NODH
26 1.0 NS, Chi

100 1.3 NS, Chl
500 1.0 NS, Chi

2500 6.0 NS. ChiI Tall Fescue
Burbank 0 3.0 NS, Chi, TB (7 ,0)(d)

25 3.0 NS, Chi, TB (5.0)
100 2.0 NS, Chi, TB (4.5)
500 6.0 Chi, TB (3.0), Stunted

2500 6,0 Chi, TS (slight), Stunted

I Clnebar 0 2.0 NS, Chi, TB (6.0)
25 2.0 NS, Chi, TB (6.0)

100 2.3 NS, Chi, TB (6.0)
500 2.7 NS, Chl, TB (8.0)

2500 6.0 Ch.. TS (4.0), Stunted

I
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TABlLE3.2 (CON'Ti

Speieal/ Toxialit RFansW()

Soil Soil Concentration, Damage Index Symptomology i
(Ag/g) (DR Scale)

Palouse 0 2.3 NS, Chli, TB (8.0)
25 2.0 NS, Chi, TB (7.0)

100 2.7 NS, Chl, TB (7.0)
500 2.0 NS, Chli, T1B (slight)

2500 6.0 Chli, Stunted

Palouee+OM 0 2.7 NB, Chl, TB (10.0)
25 1.3 NS, Chli, TB (9,0)

100 2.0 NS, Chl, TB (7,0)
Soo 4.0 ISS, Chl, TS (slight)

2500 6.0 NS, Chl, Stunted

(a) Daubenmire wale and symptometology definition@.
(b) New growth developing healthy.
(0) Soil with 0.22% wiw dried ground alfafta.
(d) Average length, in am, of tip burn.
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I L . PLANT SYMPTOMATOLOGY TO BRASS SOIL AMENDMENT. SYMPTO-
MATOLOGY DETERMINATIONS MADE 60 DAYS AFTER PLANTING (a)
AND 470 DAYS AFTER AMENDMENT OF BRASS FLAKE TO THE
VARIOUS SOILS AT 0, 25, 100, 500, AND 2500 ppm.

Species/ Rl6,esponsm.,,a)

soil Soil Concentration Damage Index Symptomology
(A•gg) (DR Scls)

Bush Bean
Burbank 0 2.0 Ohl, NB

25 2.0 Ohl, NB
100 2.0 Chi, NB
500 5.0 Ohl, NB, Dwarfed

2500 6.0 Ohl, NS, W, Dwarfed

Clnebar 0 1.0 Chl, NS
25 1.0 Ohl.NO

100 1.0 Ohl, NS
500 2.7 Chi, NO

2500 6,0 NS, Chi, LC, Dwarfed

Palouse 0 1,0 Chi
25 1,3 Chi100 1.0 Chi

500 1,3 NO, Chi
2500 6.0 NS, Ohl, Dwarfed

Palouse # OM(b) 0 2.0 Chi, N8
25 2.0 Chi, NB

100 2.0 Chi, NB
500 1.3 LC, Chi

2500 6.0 NS. Chi, Dwarfed

3 Tall Femme
Burbank 0 1,0 NB, Chi

25 2.0 NS,Chl
100 2.0 NB, Chi500 6.0 NS, Chi, Stunted(o)2500 5.0 NO, Chi, Stunted

Clneber 0 2.3 NS, Chi, TB (11. 0)(d)
25 1,7 NS, Chi, TB (11.0)

100 2.3 NS, Chi, TB (16.0)
500 3.7 NS, Chi, TB (19.0)

2500 6.0 ChI, Stunted

I
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A.BLS..3, (CONTO) 3
Spboies/ "oilaltm R,,znOfrfl(A)

Soil Soil Concentration Damage Index symptomatology

(og/g) (DR Scale)

Palouse 0 2.3 NS, Ohl, TB (6.0)
25 2,3 NS, Chi, TB (10.5)
100 2.7 NS, Chi, TB (6.0)
500 3.7 NS, Chi, TB (4.0)
2500 610 ChI, Stunted

PalouseoOM 0 2.0 NS, Chli, TB (4.0) 3
25 2,3 NS, Ohl, TB (8.0)
100 2.7 NS, Chl, TB (7.0)
500 3,3 N8, Chi, TB (5,0)
2500 6.0 NS, Ohl, Stunted

(a) Daubenmilre ecale and symptomatology definitions.
(b) Soil with 0.22% wiw dried ground alfalfa.
(0) Stunted growth for both shoot and roots.
(d) Average length, In am, of tip burn. 3

Lon-.Term Effects of Bras. Flake Soil Amendmant On Dry.Matter Accumulation In Tall 3
Fescue and Bush Bonn, An Interaction of brass with the different soil types, evident In the

analysis of plant dry-weight data after 60 days of growth (first harvest), was observed over the
entire weathering In both the bush bean (Table 3.34) and the tall fescue (Table 3.35). Since
no regrowth effect was noted, data for the second harvests are not shown. All plants showed
significant (P0.01) reduction In growth at the highest concontrations (2500 ppm), and plants

did not exhibit any reproductive growth over the growing period. In the bush beans the
largest reduction In growth (dry-matter accumulation) at higher brass concentrations was
evident in those plants grown In the Burbank soil, while the least was seen In the plants I
grown In Clnebar (Table 3,35). No change In dry-matter production, as an Indication of plant

stress, Is apparent when the 100-day pots are compared with the 450-day pots. 3
I
I
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TARLES-3. AVERAGE FINAL DRY WEIGHT (g) OF BUSH BEANS AND SEGMENTSI GROWN IN SOILS AMENDED WITH BRASS FLAKE AT DIFFERENT
CONCENTRATIONS. PLANTS WERE HARVESTED AT 470 DAYS AFTER
SEEDING AND 160 DAYS POST-AMENDMENT.

Bran. Flake
Concentration &Avmraga3a Sln agwmsafi~it ON % Afl + 5n - a

Soil (jAfg) Leaves Stem Pods Seeds Total

Burbank 0 1,78*10.19 1.40*0.20 1.421*0.36 0. 17*10. 10 4.77*0,57
25 1,911±10.08 1. 64*10. 17 1.381-0.10 0.07±10.02 5. 04 :0 ,12 0a)

100 1.92*10.13 1,58*10.31 1.55*0.09 0.11*0.02 5.16*0.49(a)
500 0.43:10.05 0.50±0.04 0.02*0.02 0.00*0.00 09±.9b

2500 0.50*0.13 0,38.*0.06 0,0 0*0. 00 0.00±0.00 09±.9b

Climebar 0 1.78±0.89 1.14t0.60 1.86*0.31 0.36*0O.13 6.14±1.73I25 1.77±0.55 1,17*0O.25 2.41*0.22 0.1661:0.08 6.01 o,68(s)
100 1,37±0,32 1,15±0.21 2,26±0.17 0.62±10,20 6.40*0,.95(t)
500 1.37*0.04 1,04*10,05 1.75*0.34 0.63*0O.14 4.79±0,20(a)

2500 0.47*10.06 0.27±0.01 0,00*0,00 0.00*0O.00 0.74*0.07(0)

Palouse 0 2.08±0.46 1.49*0.25 1,93*10.50 0.32±10.12 5.82±0.57

25 1.52*0.13 1.50±0,00 2.36*10.50 0. 48*10. 15 6. 14±0 .1(a~d)
100 1.72±0.21 1.40*0.22 1.0±.0.31 0.46*10. 13 6.84:10.72(4)
500 0,91*0.28 0.81*0.19 1.11±0.40 0,45*0.29 3.28±1,.11 (8)I2500 0.23±0,14 0.1 4±0.08 0.00±0.00 0.00*10.00 0,38*t0.22(c)

Palous.4.OM(e) 0 1.55±0.55 1.1 7*0.51 1.74±0.42 0.29*0.12 4.75*1.21I25 0.74±10.16 0.65:0.09 1. 12.0. 01 0.17±0.03 2.68±0.24(a)
100 1.19±0.09 0.86*0.04 1.51*10.11 0.34*0.04 3,89±0.02(a)
500 1.06±0.38 0.90±0.37 1.49±0.57 0.30:0.18 3.75*0.6(a

2500 0.20±0.08 0.14±0.02 0.00±0.00 0,00*0.00 0.35*0.10(0)

I (a)Not SignifIcant.
(b) Significant at 0,01 confidenos level using a one-tailed t-test.
(a) Significant at 0.05 confidence level using a one-tailed Nexst.I (d) Average of two pots; third plant died.

()Soil v~th 0.22% w/w dried ground alfalfa.
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ABLL1, AVERAGE FINAL DRY WEIGHT (g) OF TALL FESCUE GROWN IN SOILS
AMENDED WITH BRASS FLAKE AT DIFFERENT CONCENTRATIONS.
PL\NTS WERE HARVESTED AT 60 DAYS AFTER SEEDING AND 470
DAYS POST-AMENDMENT.

Brass Flake Average Dry-Matter Production
Concentration (dry weight, g) t SO (n 3) I

Soil (ipg/g) First Harvest

Burbank 0 3.30:1:0.61

25 3,2910.06(©)
100 3,30±1.10(0) I
500 0. 11±0.02(9)

2500 0.06±0.0()I

Clnebar 0 3.07±0.39
25 3.8611.35(o0)

100 3,2340.20(0) I
500 2.58±1.23(0)

2500 0.05±0.02(0)

Palouse 0 2.0140.30
25 2.27±0.09(0)

100 1.29•0.38(c) I
500 0.4240.29(s)

2500 0.024.000,

Palouse+OM(b) 0 2.95t0.37
25 1.61±1.03(0)

100 1.50±0.36(d)
500 0.7 3 ±0.3 2(d)

2500 0.0240.01(0)

(a) No growth.
(b) Soil with 0.22% w/w dried ground alfalfa,
(0) Not signlfloant.
(d) Significant at 0.05 confidence level using a one.tailed test,
(e) Significant at 0.01 confidence level using a one-tailled Mueet.
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3 The relationship between the CEC for the two soils, Burbank having the lowest

(6.0 meq/100 g) and CInebar the highest (38,2 meq/o00 g), may again be an Important
factors In the results. The lower fertility of the Burbank may have contributed to the apparent
toxicity by permitting a higher concentration of the Cu and Zn In the root zone. The overall
dry-matter accumulation by the plants also corresponds to the soil CEC, with Cinebar >
Palouse+OM > Palouse : Burbank.

Similar soil-type-related effects were observed for dry-matter production In the tall
fescue (Table 3,35), with Clnebar ) Palouse+OM ! Palouse > Burbank, particularly in the first
harvest, at 60 days after seeding. Severe growth reductions were seen at soil brass
concentrations of 500 g~g/g and greater. By the second harvest (120 days, data not shown),
the differences were not as evident at the lower concentration but apparently were greater at
the higher concentration (4500 ppm). The plants grown In the other soils at the time of the
second harvest were better established and more mature, and may therefore have been
either slightly less sensitive to the Zn and Cu In the soil, or may have already reduced the

i previously available free amounts of the Ions In the pots to more acceptable levels.

Lonn-Tarm fbfAntm of Braus Flake Soil Amendment on Ionia Compaltion In Tall as cua
I F. After 440 days of soil weathering, the Ionic composition of tall fescue
planted In brass-amended soil (Table 3.36) varied only slightly from that of the first planting at
10 days (data not shown). In the third planting the order of highest tissue accumulation for
both Cu and Zn was Clnebar < Burbank < Palouse - Palouse+OM), Concentrations of Cu
and Zn In Individual plant tissues Increased with Increasing soil brass concentration. Tissue

concentrations of Cu Increased from 10 !gg/g In the controls to as much as 500 gag/g In
Palouse-amended soil. Levels of tissue Zn increased from 50 gg/g in control soils to a high of
6000 gg/g In Palouse-amended soil. It Is clear from the data that the brass flake Is
Sweathering and providing Increased levels of plant-avallable Cu and Zn; however, It Is also
clear that soil-sorption processes are mediating the available Ions.

I Significant variations In the tissue concentration of other nutrient Ions were observed
when plants were grown In the presence of brass (Table 3.37). Analysis of tissues by ICAP
cloarly showed that tissue levels of Mg, Mn, P, and Fe are altered by the presence of brass,
Tissue concentrations of Mg and Mn Increase by a factor of 2 to 3 and levels of Fe by a factor
of 7 to 100, while total P levels decrease 2 to 3. This disruption In Ion homeostasis could
account for the observed phytotoxicity. The disruption likely results from the Imbalance of Cu
and/or Zn caused by brass weathering.

I 3.63
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No significant differences in specific-tissue concentrations of Cu and Zn between bush
beans grown In soil weathered 100 days (data not shown) or 400 days were apparent (Table
3.38). Total plant-uptake patterns for Zn were Burbank - Cinebar • Palouse - Palouse+OM at
the highest concentrations (2500 ppm), while for Cu, tissue accumulation patterns were
Clnebar s Palouse - Palouse+OM s Burbank, which was different from that seen In the tall
fescue (e.g., Table 3,36). Concentration of Zn and Cu In Individual plant tissues increased
with Increasing soil brass concentration. These Increases were more pronounced for Zn than I
for Cu. The highest tissue levels were seen in stem tissue, followed by leaves. Pod and seed
concentrations of Zn and Cu were relatively constant at soil brass concentrations of 100 Ag/g;
however, little reproductive growth was seen in the 500 to 2500 j.g/g treatments. In bush
bean, there did not seem to be the significant Interaction of Zn and/or Cu with other nutrient
ions, as was observed with the grass (Table 3.37). The levels of Fe, Mg, Mn; and P in the 3
leaves and stems of the beans did not vary significantly over the exposure concentrations,
perhaps reflecting differences in monocot (grass) and dicot (bean) growth patterns or nutrient
harvesting. I

I
I
I
I
I
I
I
I
I
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TILL..,. AVERAGE TISSUE CONCENTRATIONS OF Cu AND Zn IN TALL FESCUE

GROWN IN SOILS AMENDED WITH BRAGS FLAKE AT DIFFERENT
CONCENTRATIONS. PLANTS WERE HARVESTED AT 60 DAYS AFTER
SEEDING AND 470 DAYS POST.AMENDMENT.

I Brm Flake
Concentration Average TImuI Qpntration .Iu/ga fty Wt- SO in m 31

Soil 4(agg) Cu Zn

Burbank 0 11.761-0.72 59.931:1.84

25 14.08:1:4.31 77.72:105.41
100 29.23t3.43 153.92:1:22.59
500 268,68:68.39 1212.40±0102,91

25C0 261.36::82.37 1864.13.211.14

Clnebar 0 6.78:1:1,61 58.84:1:14.91
25 8.351-2,49 55.77±117.71

100 12.081l.07 75.91:4.67

500 28.48:k4.53 257.131-26.72
S2500 34,111±2,58 886.49:0169.90

Palouse 0 9.26±0.58 47.81t5.39
25 10,911d:0.88 49.52±8.43

100 18,04:3,94 81.78120.81

500 38.54±6:,69 531-686±122,33
i 2500 837.94t2Og.19 5828.45:1:123,82

Pslou..÷OM(4) 0 7.86±0.16 38,62±0.68
25 11.36:1:3.16 53.18±14.44

100 19.51±1.39 92.086±11.69
500 48.511-18.30 551.12±59,12

I 2500 337.131285.77 5974.97t4694.80

(a) Soll with 0.22% w/w dried ground alfalfa.

I
I
I
I
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TALF -:3. AVERAGE TISSUE CONCENTRATION OF Mg, Mn, R, AND Fe IN TALL FESCUE
- GROWN IN SOILS AMENDED WITH BRASS FLAKE AT DIFFERENT

CONCENTRATIONS AS DETERMINED THROUGH ICAP ANALYSIS, PLANTS
WERE HARVESTED AT 60 DAYS AFTER SEEDING AND 470 DAYS POST-
AMENDMENT.

Conoentration lrw nrinin un
Sol (~go/) Mg Mn P Fe

Burbank 0 2323.911:268.08 93.091*24.64 4739.41:1166.68 6.31*1.111
2500(a) 7092.051-106.61 138.54*114.80 1350.112:775.71 95. 12*1 9,523

Cinebar 0 231 0.95±455.64 168.04±1 8.77 2130.581-234.64 1,45t0.36
2500 5447.14*030.70 536.04*1 48.68 1543.56t384.39 138.96W9.31

Pulouse 0 2360.730360,28 106.08*3.78 4141.59±653.11 6.7803.28
2500 9032.77:020.24 183.98*50.41 2626.86*500.82 583.36*3.49

palougs.4.M(b) 0 2307,96*367.60 137.53*1 8.88 3931.73*1 72.57 7,30t1.84
2500 10561 .48t1628.07 234.6760.,94 1835.86*1797.10 49,85±22.26U

(a) Average of two pots, third plant died.

(b) Soil with 0,22% w/w dried ground alfalfa,
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TAL :.9 AVERAGE TISSUE CONCENTRATIONS OF Cu AND Zn IN BUSH BEANS3 ~GROWN IN SOILS AMENDED WITH BRASS FLAK<E AT DIFFERENT
CONCENTRATIONS AS DETERMINED THROUGH ICAP ANALYSIS.
PLANTS WERE HARVESTED AT 60 DAYS AFTER SEEDING AND 4703 DAYS POST-AMENDMENT.

Bross Flake __ _ _ _ _ _ _ _ _ _ _ _ _

Concentration Avermnag Tissue Concentration (una/n dry wfl gRDSO 3n
Soil (149/9) Leaveu Stem Pods Sell*

IBurbank 0 4.11*0.39 4.02*0.24 5.97*k2.11 7,01:k4,95
100 10.99:13.17 12.50*0.77 9.97±1.78 14.60*t2.18
500 19. 19*12.80 19.3503.73 20.52±9O.6312500 47.32*k29.64 42.84128.54

Clnebar 0 4.114*12.04 6. 1:0. 10 3.87*10.41 6.07*11.09
100 4.44*1.03 6.20*2.,03 4.01±0.05 6.22*0. 12
500 7.5811).43 8.85*k2.00 5.36*0.26 8.10;10.53

2500 12.94*1,74 33.1140.,40

Palouse 0 2.2110.63 4.16*0.23 4.5 1*0. 77 6.56*14.03
100 3.660.117 6M420MS 4.819*10.59 6.75*1:1.92
B0o 15.9511.59 17.30*k4.86 8.89*1.79 11.13:3.24

2500 23.91*t9.58 102.28*40.35

Pao0 3.21*0,66 4.07*0.38 5.10:1:,13 6.04*1:80U Y7100 4.36*0.75 6.05*0.86 4.O90,3 6.57t*3.78
S00 11.7411.74 15.79t5.28 MU03*215 12.54t5.43

2500 18,59*5.05 31.70*11i.51

Burbank 0 54.10*2.62 25.72*1,.42 26,46*10,38 57.27t±40.14
100 58.42*1 4.52 52.80*12,19 31.0510,27 104.36tg.75
500 1 76.54* 14.87 19Q8.69±38.34 115.36*22.65I2100 209.34*41.05 231,20*49.35

Clnebar 0 36.84*8.20 37.17*9.98 20.58±11.24 59.95*t7.26
100 46.33±11.26 45.20*6.27 20.37±2.06 52.49±t5.93I500 180.28±8.58 1 7 13±29.61 27.63*1.80 61,84±3.14

2500 301 .45±56,47 bv2..'4JI29.36

Palouse 0 31.4 2110. 14 37.10±5.91 20.32:3.36 84.39±26.64
100 43.68t2.44 65.15*7.28 20.361*1.83 77,80* 16.45

2500 232.00*36.:: 254.18±34.19 37.12t4.98 87.46:0.55

+0110 49.05±3.76 61.28*7.78 21.29*1.06 49.64*20.88
500 239.46156.25 261.79±108.8 39.46*16.47 77.43* 12.2812500 678.71±404.95 2429.08*1115.33

(a) Average of two pots; third plant died.3(b) Soil with 0.22% w/w dried ground alfalfa,
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3.6 SOIL MICROBIAL EFFECTS OF BRASS FLAKE

3.6.1 Soil Dehvdrogenase Activity

Soil dehydrogenase activity, a measure of the general activity of the soil microbial I
population, Is an Index of endogenous soil microbial activity (Moore and Russell, 1972).
Dehydrogenase enzymes are intracellular and are Involved in microbial respiratory processes I
necessary for the breakdown of organic compounds In soil. Soil microbial activity can alter
nutrient cycling, Influence plant growth, and affect the ability of a soil to decompose organic 3
matter and detoxify xenobiotlcs.

Pot Amendments. Soil dehydrogenase activities were severely impacted by brass flake I
(Figure 3.8). Five days after brass flake had been amended at 25 pg/g, the lowest amendment
level, soil dehydrogenase activity declined to 35 to 75% of the control in the four soils.
Inhibition of soil dehydrogenase activity increased with increasing brass-flake concentrations.
At 2,500 g.g/g, the highest amendment level, soil dehydrogenase activity was extremely low, 1
to 4% of the control for all soils. Burbank soil amended with brass at 100 to 2500 p.g/g I
remained Inhibited (19 to 25%) 420 days later, while this soil amended with 25 Ag/g was able
to recover to 70% of control level. In Palouse soil, with or without the organic matter addition,
500 and 2500 g.g/g brass amendment reduced dehydrogenase activity to 0 to 4%, while the I
other two lower concentrations (25 and 100 g.ig/g) exerted less Inhibition, 56 to 67%. Soil
dehydrogenase activity in Clnebar soil with 25,100, or 500 gg/g brass amendment was able to I
recover to 65 to 71% of the control after 420 days, but soil dehydrogenase activity remained
severely depressed at 2500 gg/g. All values noted for dehydrogenase activity were
significantly different from controls based on t-test ( p S 0.05).

We calculated the ecological dose (Babich et al. 1983) of brass flake causing 50% 3
Inhibition (EcD50) of soil dehydrogenase activity at the various days of Incubation. This
calculation was based on the equations of best fit obtained from the dose-response curve, as I
illustrated In Figure 3.9. The EcD5o for soil dehydrogenase activity at all assay times are
presented In Figure 3.10 and Table 3.39. The low EcD50 value for dehydrogenase activity in
Burbank soil Indicates that this soil Is very susceptible to brass flake exposure and has limited I
recover,/. In ,ontrast, Cinebar soil, although it was Initially impacted, was capable of
recovering with a much higher EcDqo value. Palouse soil, with or with organic matter, had an 3
Intermediate EcD50 value, and the soil recovered over time, but to a lesser extent than Cinebar
soil, The Impact of brass flake on dehydrogenase activity for the soils Is Burbank >
Palouse+OM ? Palouse > Cinebar based on their 420-day EcD50 values of 24, 113, 189, and i
1082 p.g/g, respectively.

I
I
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FEL I. AN EXAMPLE CALCULATION OF THE ECOLOGICAL DOSE OF BRASS
FLAKE CAUSING 50% INI-IBITION (EcDso) OF MICROBIAL ACTIVITY 3

The InhibitInn of soil microbial activity likely Is due to the soluble Cu and Zn In the brass. 3
The lower CEC of the Burbank might explain the higher Inhibition of dehydrogenase activity in

this soil. I
Aarosol Deoosltion to Soils. Exposure to the mixed smoke of brass flake/fog oil

(BR/FO) at 4.5 m/s Initially reduced the dehydrogenase activity In all of the four soils to 3 to 8% 3
of control level, and activity rem,., ,ed reduced 28 days later (Figure 3.11 and Table 3.40).

Twenty-eight days after the exposure BR/FO exposed to soils at the lower wind speed (0.9

m/s) caused a more severe impact to Burbank soil (6%) than to the other three soils (44 to

53%). All values noted for dehydrogenase activity were significantly different from controls

based on t-test (p ! 0.05). 1
I

S~3.70
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TABLEL3 . BRASS EcDSO VALUES FOR MICROBIAL PARAMETERS i
EcD5O (Mg brass/g dry aoil)(a)

Microbial Post-Exposure Burbank CGnebar Palouse Palouso+OM
Parameter Time (days)

Soil 5 10 (0.96) 59 (0.97) 68 (0.95) 45 (1.00)
Dehydrogenase 28 26 (0.87) 187 (0.99) 38 (0.83) 38 (0.99)
Activity 150 5 (0.67) 434 (0.98) S0 (0,92) 61 (0.92)

270 16 (0.91) 530 (1.00) 90 (0.93) 393 (1.00)
420 24 (0.63) 1082 (1.00) 189 (0.96) 113 (1.00)

Soll 4 682 (0.97) 2106 (1.00) 673 (0.97) 1610 (0.99)
Phosphates. 28 108 (0.98) 2103 (0.99) 1275 (1.00) 1947 (0.98)
Activity 150 486 (0.73) 1729 (0.98) 1715 (0,98) 1024 (1.00)

270 53 (0.99) 2046 (0.96) 1901 (0,94) 1627 (0.99)
420 129 (0.92) 2093 (0,98) 1284 (1,00) 1233 (0.98)

SoIl 7 375 (0.81) 1468 (1,00) 3166 (1.00) 2442 (1.00)
ATP -Blomas 28 125 (0.96) 2907 (1,00) 1948 (0.93) 3048 (0.87)
Level 150 S00 (0,81) 5204 (0,96) 1087 (0.95) 1865 (0.98)

270 304 (0.91) 2474 (1.00) 885 (0,99) 1515 (0.99)
420 304 (0.99) 2515 (0.99) 1451 (0.97) 1335 (0.97)

(a) EcDs 0 , the ecological concentration of brass flake causing 50% Inhibition of microbial parameter, was
calculated from the curve that best fit the data. Numbers In parenthesis denotes r2, the coeffloient of
determination for the best fit curve used In the EoDS0 caloulation,

The concentration of brass in the BR/FO mixed-smoke exposure was estimated to be
800 and 4,000 gg/g for the 0.9 rn/s and the 4.5 rm/s exposures, respectively, based on the soil-

coupon and filter-membrane deposition data. The anticipated effect at 800 gg/g brass U
concentration, which can be calculated from the equation of best fit for the dose-response
curves for soil dehydrogenase activity (Table 3.41), Is presented in Table 3.42. These results
Indicate that the Impact of BR/FO exposure on soil dehydrogenase activity Is less than that
from brass alone, suggesting a beneficial synergistic effect of fog oil in the BR/FO mixed-

smoke exposure. Fog-oil exposure has been shown to stimulate soil dehydrogenase activity I
(Cataldo et al, 1989). This stimulation may offset the detrimental effect of the brass. We do
not know how long this beneficial synergism would last, because our Incubations stopped at
28 days.

3.72
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TABLE3.4. THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL 3
DEHYDROGENASE ACTIVITY

Dehydrogenase AtIvfty (% of Control)(a)

Exposure Post-Exposure Burbank Cinebar Palouse PalouseeOM
Condition Time (days) "

unexpasdO 100.00 (27.19) 100.00 (3.01) 100.00 (6.03) 100.00(8a.8)
0.9 m/s BR/FO 0 10.81 (2.56)-(t) 30,22 (4.26)' 62.47 (6.74)' 62,21 (4.10)'

4,5 n/s BR/FO 0 4.92 (1.13)' 3.02 (0.39)' 0.18 (0.79)' 7.55 (0.73)'

unexposed 28 100.00 (4.72) 100.00 (18.38) 100.00 (23.48) 100.00 (3,61) 3
0.9 m/s BR/FO 28 6.25 (0.56)' 47.68 (7.21)' 44.32 (7.93)' 52.72 (8.23)'
4.5 mWs BR/FO 28 4.15 (1.05)' 7.01 (1.32)' 4.81 (1.21)' 8.16 (0.22) 3
(a) Mean (standard deviation), n u 3.
(b) 'Denotes significant difference from control based on test, p 5 0.05.

3.6.2 Soil Phosphatane Actlvltv 3
Soil phosphatases, which can exist extracellularly, are a broad group of enzymes that

cleave both esters and anhydrides of phosphates from complex organophosphorus
compounds. Their activities In soil are Important for the mineralization of phosphorus from soil
organic matter to the chemical forms available to plants (Ramirez-Martlnez 1968). The
enzymes are classified as either acid or alkaline phosphatases because they show their
optimal activities In acid and alkaline ranges, respectively. The sold phosphatase was chosen I
for this study because the pH of soils used for brass exposure ranged from 5.4 to 7.4.

Sgo imandman . The effect of brass on soil phosphatase activity depended on brass 3
concentration and soil type (Figure 3.12 and Table 3.43). In Burbank soil, a brass
concentration of 25 lug/g did not affect soil dehydrogenase activity Initially (4 days Incubation), 3
but with prolonged Incubation, concentrations of 25 to 2500 gg/g all Inhibited the activities from
17 to 70% of control. Activity was affected at all brass levels, with Inhibition Increasing as
brass concentrations Increased. In the other three soils, brass concentrations below 500 pg/g I
did not Inhibit soil phosphatase activity. In fact, activity was slightly enhanced by 25 to 100

g/g brass amendment in the Cinebar and Palouse soil. However, at 2500 p.g/g, activity In the 5
three soils was reduced to less than 45% of the control, and It remained Inhibited 420 days
later. The EcD50 at various Incubation times, calculated according to the best-fit curves (Table

3."), are presented In Figure 3.13 and Table 3.39. At 4 days, EcD5o was 662, 2108, 673,

I
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ALE24. EQUATION FOR THE BEST FIT FROM THE DOSE-RESPONSE CURVE
FOR SOIL DEHYDROGENASE ACTIVITY AS AFFECTED BY

5 BRASS(a)(b)(o)

Incubatlion Tim. 5 dan

Burbank Y. (232.36) * X^-0.68214 r2 - 0.956

Clnebar Y w (740.03) * XA^0.86123 r2 . 0.989

Palouse Y w (1309.5) * XA-0.77410 r2 - 0.946
Palouse + OM YV (591.50) * XA-0,84782 r2. 0.995

I Ingubation TIm. 29 dgvg
Burbank Y w (1.271 9E+7) * XA-3,8236 r2 - 0.873
Olnebar Y m (170.88) * 1OA(-2.8813E-3 * X) r2 - 0.992
Palouse Y - 1.6097E+8 * XA-4.1289 r2 - 0.825
Palouse + OM Y a 63.649 * 1 0^(-2,7475E.3 * X) r2 - 0.994

I Ingubatlon Time 1SO days
Burbank Y a 98.779 * XA-0.43241 r2 . 0.669
Cinebar Y m 83.385 * 10^(-5.1158E.4 * X) r2 - 0.982
Palouse Y = 622.79 * X^-0.64314 r2 - 0,924Palouse + OM Y m 2092.2 * XA-0.90943 r2 - 0.923.

Inaubation Time 270 dagy
Burbank Y a310.50* XA^-0.05218 r2 . 0.905
Clnebar Y = 80.935 ' 10A(-3.8791E-4 * X) r2 0.995
Palouse Y . 1668.0 XA^.0.77952 r2 - 0.934
Palouse + OM Y * 83.942' 10A(-5,7282E-4 * X) r2 . 0.995

Incubation Time 420 day&
Burbank Y. 105.87 XA-0.23515 r2 - 0.628
Clnebar Y - 73.487 - 2.1708E-2 * X r2 . 0.9968

Palouse Y - 80.9 - 0.16312 * X r2 - 0.9623 Palouse + OM YV 120.95 *1OA^(-3.383E-3 * X) r2 ,. 1.000

(a) Does-response curve constructed from data In Table 1.1.
(b) Y axis a dehydrogenase activity expreusd as a percent of control; X-axis * brass concentration in

Igg/g $oll,
(0) r2 a the coefficient of determination for the beat-fit curve.

I
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TA1LE .4 . COMPARISON OF EXPOSURES OF BRASS FLAKE AND MIXED SMOKE
OF BRASS/FOG OIL ON SOIL DEHYDROGENASE ACTIVITY I

Dehydrogenase Activity (% of Control)() i
Exposure ....

Type Burbank Cinebar Palouse Palouse+OM

Brass (800 p.g/g) - 6 days(8) 2.43 8.91 7.41 7.79

BR/FO (0.9 m/s) - 0 days 10.81 30.22 62.47 62.61

Brass (800 gg/g) - 28 days(S) 1 xlo4 0.88 1.7 X10"4 0.40 1
8R/F0 (Q.9 m) - 28 dayL 6.25 47.68 44.32 52.72 ,

(a) Calculated from the equations of beat fft of does-respon•e curves In Table 3.41.

and 1610 .g/g for Burbank, Cinebar, Palouse, and Palouse+OM, respectively. By 420 days 3
the EcDso decreased five-fold In Burbank soil and Increased two-fold in Palouse, while It
stayed rather unchanged In the other two soils. The Impact of bras flake on soil phosphatase
activity Is ranked Burbank > Palouse+OM k Palouse > Clnebar. Again, soil characteristics play
an Important role In the potential toxicity of the brass flake to soil microorganisms, the lower
CEC In Burbank explaining the higher Inhibition of phosphatase activity In that soil. 3

Aerosol Dpdaoltion to SoilI. The effect of BR/FO smoke exposure Is presented In
Figure 3.14 and Table 3.45. Exposure to the BR/FO smoke at 0.9 e/s had no effect on
Cinebar or Palouse+OM soil and a moderate effect on Palouse, while Burbank soil declined to
87% of control Initially and to 33% after 28 days. At 4.5 m/s, all four soils were affected: at 28
days Burbank was reduced to 27% of the control, Cinebar to 85%, Palouse to 56%, and
Palouse+OM to 60%.

Based on the estimated concentration of 800 gg/g brass In the BR/FO mixed smoke for
the 0.9 rnWs exposure, the anticipated brass effect at 800 gg/g can be calculated from the
equation of best fit of the dose-response curve for soil phosphatase activity (Table 3.44). The
calculated effect Is presented In Table 3.46. These results Indicate that the Impact on soil
phosphatase activity by the mixed-smoke exposure of BR/FO Is less than that of brass alone,
suggesting a beneficial synergistic effect of tug oil In the BR/FO mixed-smoke exposure.
Because earlier studies with fog-oil exposure did not Include its effect on soil phosphatase

activity, corroboration of synergism Is limited.

33.78



II
I
I
I

,o, -"o- 25 um 14 - 2 •. M -"-- Awo~

4100 s0 lA 1
ja0. 1• 2, ¶20 2M3 1¶00. 100

.003i0. --,--------...

.0 .g20

0 600 200 300 400 0 100 200 300 400
l Vewubll" Yin", 00" Imubuilen Time, Do"

140- -"a" suallO 140 HUNG

3 60- 0 S

120- WO ow 2 .,,&".0...G.•g
5 10010

* 
0

0 200.30

Ii 100 200 ... ,o 400 0 100 ,oo, 3 0,o 400
'ruhallknV Time, Dcays il el Tim, Wye

MUE-- 3.12. THE EFFECT OF BRASS-FLAKE CONCENTRATION ON SOIL
PHOSPHATASE ACTIVITY

3.77



IL
TABLEA.. THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL

PHOSPHATASE ACTIVITY

Phosphatase Activity (% of Control)(8)
Brass Flake 3

Concentration (l~g/g) Burbank Cinebar Palouse Palouse+OM

Incubation Time 4 days
0 100.00 (18.05) 100.00 (15.42) 100.00 (5.72) 100.00 (9.14)
25 89.62 (11.52) 98.38 (14.84) 107.36 (4.71) 91.73 (10.41) I
100 73.40 (9.59)- (b) 92.99 (12.89) 92.20 (10,09) 98.20 (8.65)
500 46.85 (6.12)' 88.04 (9.99) 62.33 (10.57)' 84.84 (5.94)'
2500 14.60 (2.12)' 41.24 (7,00)' 35.11 (1,49)' 33.81 (4.20)' 3
Incjubation "Time 28 dayg
0 100.00 (8.15) 100.00 (8.28) 100.00 (8.21) 100,00 (4.98) 1
25 79.08 (4,64)' 93.02 (.561) 100.78 (5.98) 99.72 (8,00)
100 63.35 (4,03)' 95.06 (7.42) 102,92 (6,98) 85,23 (4.78)'
5oo 31.45 (1.94)' 77.47 (8.15)' 76.81 (i0.09)' 78.06 (4.5)' 3
2500 14.00 (2.03)' 44.89 (3.71)' 24.63 (2.01)' 42.09 (2.50)"

Incubation Time I 50 days 3
0 100,00 (8.14) 100.00 (2.64) 100.00 (2.73) 100.00 (0,91)
25 70.73 (4.25)' 119,26 (12.11)' 117.08 (11.70) 90,37 (5.15)'
100 53.51 (3.23)' 113.89 (8.99)' 112.85 (6.90)' 81,67 (2.56)' I
500 44.58 (3.04)' 114,19 (13,11) 111.36 (12,57) 65,31 (1.44)'
2500 47.80 (3,30)' 14.96 (0.49)' 15.26 (0.54)' 22.18 (1.48)'

Incubatfon lime 270 days
0 100.00 (7,22) 100.00 (9.94) 10000 (13,77) 100.01 (0.93)
25 61.29 (4,03)' 108.87 (8.39) 101.24 (10,75) 104.11 (5.52) I
100 42.30 (2.77)' 97.13 (13,32) 99.63 (9.80) 94.73 (4.78)'
500 25.02 (1.66)' 101.63 (8.61) 105,33 (10,42) 90.12 (3,93)'
2500 13.43 (0.77)' 35.87 (3.18)' 29.53 (2.92)' 21.08 (0.79)' U
0 100.00 (12.41) 100.00 (7,53) 100,00 (7.06) 100.00 (15.54) I
25 70.49 (6.70)' 90.54 (5.85) 96.72 (7.29) 108.26 (13,92)
100 66.41 (6.95)' 92.65 (5.93) 93.19 (8.47) 82.31 (9.78)
500 36.23 (3.44)' 89.24 (6.13)' 74,75 (4.00)' 75.74 (10.57)' I
2500 17.01 (1,73)' 40.30 (5.09)' 7.16 (1,11)* 25,10 (3.80)'

(a) Mean (standard deviation), n33. 3
(b) 'Denotes significant difference from control based on t-I.st, p s 0.05,

I
I
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U 3 EQUATION FOR THE BEST FIT FROM THE DOSE-RESPONSE CURVE
FOR SOIL PHOSPHATASE ACTIVITY AS AFFECTED BY BRASS(e)(b)(c)

Incubatlon Time 5 days3 Burbank SOIl Y. 78.847* 10^(-2.9887E.4 'X) A - 0.973
Cinebar Soll Y a 98.981 - 2.1822E-2 ' X r2 . 0.999

Palouse SOil Y - 263.87" XA-0.254 ; : 0.972
Palouse Soil + OM Y - 99.502 * I0(-1 .8563E.4 * X) r 0.988

Incubation Time 2R day-
Burbank SOIl Y w 282.54 XA-0.37235 r2 0.982
Clnebar Soil Y a 04.078 ° 10A(.1.3038E.4 * X) F2 . 0.990

Palouse SOIl Y .104.7 * 10^(.2.5183E.4 * X) r . 0.998

Palouse Soil + OM Y a 93,421 * 1OA(-1.3946E.4 X) - 0.978

Incubation Time ISO dave

Burbank Soil Y - 85.777' XA.8,7279E.2 - 0,727
Cinebar Sall Y a 124.02 4.28056E.2 * X - 0.9763Palouse Sail YVw121.87 -4.1903E-2 *X A- 0.979
Pulouse Soil + OM Y w 88.146 'IOA(.2.4057E.4 * X) .0998

3 Innubatlon Time 270 days

Burbank Soil Y w 185.62 * XA-0.33012 A . 0.994
Clnebar Soll Y . 108.04 2.83881-2 * X r 0.962

Palouse SoIl Y w 107.61 - 3,0302E-2 ' X . 0.943
Palouse Soil + OM y w 102,93 -3.2641E-2 * X - 0.021

I Incubetlln Tim,& 420 dasv

Burbank Soil Y . 235.687 * XA.0.31902 - 0.922
Clnebar Soil Y a 94.967 - 2.14841-2 ' X r- - 0.979

Palouse Soil Y w 95.86 . 3.5719E OF X - 0.997
Palouse Soil + OM ' -Q7. 806 * I 0'%2.3563E-4 * X) r2 . 0.981

(a) Does-response curve constructed from data In Table 6.
(b) Y axie - phosphatase activity expressed as a percent of control: X-axis brags concentration In 4~g/g soil.3 (o) r2 a the coeffiolent of determination for the best- it curve.

I3
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•. THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL
PHOSPHATASE ACTIVITY

__ n i t tl in

PhosphatMa A•,'tlvlty (% o1 Control)(a)
Exposure Post.Exposure it nt mJL• t I It

Condition Time (days) Burbank Olnebar Palouae Palou=e+OM

unexposed 0 100.60 (11.61) 100.00 (7.01) 100.00 (6.28) 100.00 (5.79)
I 0.9 role BFI/FO 0 87.38 (7.65)'(b) 92.38 (8.51) 93.25 (5.24)* 87.54 (7.28)

4.Sm/eBR/FO 0 25.47 (6.57)" 69.34 (5.86)" 64.74 (3.83)* 69.22 (4.10)°

I unexpoud 28 100.00 (0.41) 100.00 (7.76) 100.00 (5.60) 100.00 (6.12)

0.9 m/a BP,/FO 28 33.08 (1.19)' 100.87 (7.24) 82.1:3 (5.08)" 09.08 (5.69)
I .5 five BRFO 28 26,50 (5.36)' 84.65 (5,15)" 54.73 (3,24)" 59,82 (4.4,?.)*

(a) Mean (standard deviation), n=3,
I (b) 'Denotes significant difference from control baaed on t-test, p •; 0,05.

I 3.6.3 Soil ATP - Soil Microbial Bloma•.,=

I Measuring soil microbial blomau levels after the addition of a compound can indicate

how well the soil microbial population will survive. Changes In soil microbial blomass can
Influence nutrient cycling, decomposition processes, and other Important biotic functions, which 1

I contribute to a stable ecosystem. Extracting and in measuring ATP from the soil microbial

biomass is an easy methcd to measure the soil microbial blomasa i
SI Pot Arn•ndmontq. Soil microbial biomaas, as represented by the soil ATP level,

i decreased at 7 days to approximately 30% of control in Burbank soil at 500 and 2500 p.g/g

brass (Table 3.47 and Figure 3.15). In the three other soils, only the largest brass amendment
(2500 p.g/g) caused ATP levels to drop, In Clnebar soil to approximately 50% and In Palouse

I soil or Palouse+OM to approximately 36%. At an incubation time of 7 days, the EcD50 values

were 375, 1468, 3166, and 2442 p.g/g for Burbank, Clnebar, Palouse, and Palouse+OM,
i respectively (Figure 3.16 and Table 3.39). After 420 days the EcDs0 decreased to 304, 1451,

and 1336 •g/g In Burbank, Palouse, and Palouse+OM, respectively, while In Clnebar the
EcD50 Increased to 2515 p.g/g. The Impact of brass flake on soil ATP level thus Is ranked

I Burbank > Palouse+OM > Palouse • Clnebar. This ranking In general Is the same as for the

dehydrogenase and phosphatase activities. Once more, the lower CEC In Burbank soil
i explains the lower levels of ATP, or soil microbial blomass, in Burbank soil.

!
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3 TA13LE14-. COMPARISON OF EXPOSURES OF BRASS FLAKE AND MIXED SMOKE
OF BRASS/FOG OIL OF ON SOIL PHOSPHATASE ACTIVITY

Exor Phosphatase Activity (% of Control)(a)

Type Burbank Clnebar Palouse P-louse+OMI
Brass (800 pi./g) - 4 days(a) 45.46 78.50 47.83 70.68

BR/FO (0.9 m/s) - 0 days 67,36 93.26 93.25 97,54

SBrass (800 IL/g) - 28 days(a) 23.45 73.97 65.84 72.26

3 BR/FO (0.9 m/e). 29 days 33.06 100,87 82.13 99.66

(a) Calculated from the equations of best fit of dose-response curves In Table 3.43,

3�,Aerosol Deposition to SBoil. Exposure to the BR/FO mixed smoke at 0.9 ry/e or 4,5 m/s
had no effect on Cinebar, Palouse, or Palouse+OM soil ATP levels Immediately after exposure
or 28 days loter (Figure 3.17 and Table 3.48), Initially, Burbank soil was not affected by the 0.9
m/s BR/FO exposure, but the ATP levels declined to 54% of control after 28 days, When
exposed to BR/FO smoke at the higher wind speed of 4.5 m/s, ATP level In Burbank soil3 decreased to 44% Immediately and continued to decline to 12% after 28 days.

Based on the estimated concentration of 800 jAg/g brass In the BR/FO mixed smoke
exposure for the 0.9 rn/a wind speed, the anticipated brass-only effect at 800 jAg/g can be
calculated from the equation of best fit for the dose-response curve for soil ATP level3(Table 3.49). The calculated effect Is presented In Table 3.50. These results Indicate that the
Impact of BR/FO on soil ATP levels Is less than that of brass alone, suggesting a beneficial
synergistic effect of fog oil In the BR/FO mixed smoke. However, no soil ATP data was

I available for the fog oil alone, thus corroboration of synergism Is limited.

I
I
I
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I
TABLE 34Z. THE EFFECT OF BRASS FLAKE CONCENTRATION ON ATP - SOIL

MICROBIAL BIOMASS U
ATP Level (% of Control)(")

Brass Flake .... I
Concentration (.Lg/g) Burbank Clnebar Palouse Palouse+OM

Incubation Time 7 dayw
0 100.00 (7.58) 100.00 (10.02) 100.00 (5.86) 100.00 (0.79)
25 90.06 (7.00) 72.26 (7 ,07)*(b) 96.15 (4.01) 101.88 (1.03)
100 109.29 (6.54) 68.01 (10.94)' 92.54 (8.24) 100.46 (3.99)
500 37.27 (2.96)' 62.00 (6.37)' 83.31 (4.88)' 90.50 (6.70)
2500 29.10 (1.76)' 39.08 (4.48)' 57.36 (4.09)' 49.02 (2.44)' 3

IncubatIon ,ime 28 dawa
0 100.00 (12,61) 100.00 (8.35) 100.00 (5.14) 100,00 (4.04)
25 119.25 (13.72) 105.76 (7.43) 100.04 (4.01) 93.57 (13.88)
100 82.97 (10.01) 111,01 (6.73) 105,01 (6.72) 99.74 (11.63)
500 16.89 (1.67)' 91,32 (8.06)' 110,83 (4.88) 107.64 (36.08)
2500 7.00 (1.37)' 39.50 (2,52)' 38.27 (4.25)' 55.46 (5.05)'

Incubation Time 150 days
0 100.00 (0.70) 100,00 (14.90) 100.00 (8.72) 100.00 (4.09) I
25 106.82 (7.56) 93.07 (9.82) 81.34 (5.11)' 88.02 (5,74.
100 85.44 (1.91)' 90.36 (11.18) 88.61 (5.75)' 90,86 (3.26)
500 49.81 (1.02)' 84.76 (9.48) 90.04 (5.74)' 86.71 (3.68)'
2500 54.82 (0.53)' 71.89 (8,44)' 20.26 (1.36)' 34.37 (1.31)'

Incubation Time 270 dayv I
0 100.00 (11,53) 100.00 (2.56) 100.00 (4.58) 100.00 (1.46)
25 69.86 (5.76)' 96.76 (3.97) 61.94 (2.60)' 83.05 (1,75)'
100 65.52 (6.07)' 98.38 (4.94)' 67.29 (8.53)' 83.56 (0.93)'
500 41.49 (3.75)' 89.72 (5.98)' 55.15 (2.29)' 78.91 (3.20)'
2500 38.18 (3.15)' 49.32 (2.09)' 16.99 (0,85)' 25.36 (1.00)' 3

Incubation Time 4-00 days
0 100.00 (15.47) 100.00 (4.71) 100.00 (3.10) 100.00 (8.96)
25 105.07 (15.44) 107.72 (0.16) 100,04 (3,68) 85.14 (7.51)'
100 81.82 (11.76) 121.76 (19.23) 82.58 (2.68)' 90.16 (9.52)'
500 15.35 (4.83)' 118.35 (8.31) 79,34 (12.84)' 87.07 (5.60)'
2500 29.25 (6.54)' 49.63 (5.59)' 18,55 (2.98)' 10.05 (1.52)'

(a) Mean (standard deviation), nw3.
(b) 'Denotes significant difference from control based on t-test, p ! 0.05.

II
3.84, !



]I
I
I

I so_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __I"_IO_ _ _ _ _ _

1-140 2100 pio 10 -,'-- 'oa oo

120 120

1100 100
bema

I40
02U0 _ _ _ __•

0 100 200 300 400 0 100 g00 000 400
InubsheI Time, ODay Ifilh1tlen Uim, Days

- "00 00

so s
20I - , - - - 0.I 20° -.• 2{-=

0.

3 0 __ __ __ __ __

,-20 ..... .20 , ; ..

o io 200 30;0 4,907 0 0 200 30 ,00
Ineublllfn Time, Days Inulaballon Time, DaysI

I
FIU,. THE EFFECT OF BRASS FLAKE CONCENTRATION ON ATP SOIL3 MICROBIAL BIOMASS

I
I •



J2400 140

Iwo - 300  3
242

IN I wo:
? as 150 270 420 ?08 10 7 2Inowbotisi Time, days tnajbellooln Time, dove

5 240 2400 1

I;

7 1Ie~jIfi~ aSO 270 420 7 Igo 15 0 410

Irolala ie asIrsoubatlle Time, dayse

F.IGURills. ECOLOGICAL DOSE CAUSING 50% INHIBITION (ECD 50) OF ATP -SOIL3
MICROBIAL BIOMASS

3.86



I~~~ a____Sol___

so. so. Oe

4.3 40

1 40 C -IpWOA fvgInpo 's wlspo unxp wd .9 a pjp 4. mm¶40p

boosft 0 WHIM1home c~1l0o

* 1.. owt1o 5Ld Apolsouefrl

tal 0 o ,0dyN~10 ISpw daysls~
l nzo.0 0.3 mloo. .1msUOWi~ns .0mmBIO 4. i R

soIo
Gogo

E1Liz TH4FETO0RSSFAEFGOLMIE-MK NAP320 SOLMCOIA IMS

I.

3.87



TI-93i4 . THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON ATP -

SOIL MICROBIAL BIOMASS U
Exposur Post-ATP Level (% of Control)(a)

Exposure Post.Exposure ........ U
Condiftlon Time (days) Burbank Clnebar Palouse Psiouse+OM I
unexposed 0 100.00 (15,27) 100.00 (11.04) 100.00 (3.19) 100.00 (7.76)

0.9 m/s BR/FO 0 105.97 (11.75) 104.10 (9.09) 107.19 (8.86) 114,97 (13.76) 3
4.5 m/s BR/FO 0 43.78 (6.45 )0(b) 107,97 (9,45) 92.04 (4.23)* 101.91 (6,99)

unexposed 28 100.00 (14.51) 100.00 (5.93) 100.00 (2.44) 100.00 (12.83) 3
0.9 We/ BR/FO 28 53.93 (7.82)' 98.44 (14.-8) 116.41 (10.21) 93.59 (12.28)

4.5 rn/ BR/FO 28 11.81 (3.99)' 97.01 (14.72) 102,20 (7.10) 106.79 (16.98) 3
(a) Mean (standard deviation), n.3.
(b) *Denotes significant difference from control based on t-test, pA 0.05. 3

3,6.4 Total Soil Hetarotroohio Bacterla 1
Aerosol DeposItln to Soil. The effect of brass flake amendment or BR/FO smoke 3

exposure to the total soil heterotrophlc bacteria was moderate, and In most oases, not
significant (Figures 3.18 and 3.19; Tables 3,1 and 3.52). Concentration effects demonstrated
In the two soil-enzyme assays and the soil ATP levels discussed above, were not seen here, I
The assay of total number of organisms able to grow out of a soil apparently Is not able to
detect the ecological effects of brass-flake exposure. 3
3.6.5 Soil Microbial Divarsity Indax I

Microbial diversity may be a useful parameter for assessing the effects of stress on the
soil microbial community (Atlas 1984b). The stability of the microbial community requires a
certain amount of diversity, while the addition of stress or Insult may Influence ecosystem
structure and function. The two main measures of species diversity are the total number of
different species In the community and the number within each species. One can determine
whether an Insult or stress has changed the total number of species, the dominant species, or
even selected for new populations to develop. A widely used measure of species diversity Is
the Shannon-Weaver Index of species diversity, which Is a general diversity Index sensitive
both to species richness and relative species abundance. We chose this Index of species

diversity to measure tile soil microbial species diversity.

3
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TABLE...4. EQUATION FOR THE BEST FIT FROM THE DOSE-RESPONSE CURVE
FOR SOIL ATP - SOIL MICROBIAL BIOMASS AS AFFECTED BYBRASS(a)(b)(o)

Incubation Tim@ 7 dave

Burbank Soil Y a 283.00 ' XA^-0.29252 r2 - 0.808

Clnebar Soil Y a 71.114' IOA(-1.042E-4 * X) r2 0 0.996

Palouse Soil Y a 94.155 ' IoA(-8.6828 E-65 X) r2 = 0.995

Palouse Soil + OM Y w 103.64' I*OA(1 .290215-4 X) r2 . 0.999

I Incubation Tlmo 28 dave
Burbank Soil Y w 1200.1 * XA^0.85872 r2 - 0.983
Clnebar Soil Y = 111.47 .1OA(.1,7978E-4 X) r2 a 0.996

Palouse Soil Y. 113.53' 10A(.1.8286E-4' X) r2 , 0.934
Palouse Soil + OM Y s 104.32 ' 10A(-1.0479E-4• X) r2 - 0.872

Incubation Time 150 day.
Burbank Soil Y w 173.07 X^.O. 16391 r2 * 0.813
Clnebar Soil Y a 91.206 - 7.9179E-3 * X r2 . 0.960

Palouse Soil Y w 98.864 * 10A(-2.6425E-4 X) r2 a 0.9493Palouse Soil + OM Y w 92.88 - 2.2996E-2 * X r2 - 0.978

Incubation Time 270 day.
Burbank Soil Y w 118.36 * XA-0,14775 r2 • 0.906
Clnebar Soil Y - 99,031 - 1.9822E-2 * X r2 - 0.997
Palouse Soil Y. w 8.423 * IOA^(.-2.397O-4 X) r2 o 0.990
Palouse Soil + OM Y - 88.80 - 2.4166E-2 * X r2 - 0.988

Incubation Time 420 days
Burbank Soil Y = 105.19 - 0.18134 * X r2 . 0.989

Clnebar Soil Y = 129.07 - 3.1443E-2 ' X r2 - 0.987
Palouse Soil Y - 93.618 - 3.0066E-2 *X r2 - 0.969
Palouse Soil + OM Y = 93.644 - 3.269E-2 ' X r2 . 0.965

I (a) Dose-response curve constructed from data in Table 10.
(b) Y axis m ATP level expressed as a percent of control: X axis = brass concentration In j.g/g soil.

I () r2 w the coefficient of determination for the best-fit curve.

3.89I



IARLI .50i. COMPARISON OF EXPOSURES OF BRASS FLAKES AND A MIXED SMOKE

OF BRASS/FOG OIL ON ATP - SOIL MICROBIAL BIOMASS

Eps ATP Level (% of Controi)(a)3
Type Burbank Cinebar Palouse Palouse+4OM

Brass (B00 jjLg/g) - 7 days(a) 40.04 580.9 80.02 a1."4 I

BA/FO (0.9 rn/a) - 0 days 105.97 104.10 107.19 114.97

Brass (800 gtg/g) - 28 days(a) 14.68 80.04 81.06 86.01

BR/FO (0.9 m/9) - 28 days 53.93 98.44 102.20 93.591

(a) Calculated from the equations of best fit of dose-response curves In Table 12.3

T he effect of brass-flake amendment on soil microbial diversity (Figure 3.20 andI
Table 3.53) appeared to be slight. At 100 g.g/g brass, a small enhancement was observed for
Cinebar and Palouse.OM between 28 and 270 days of Incubation. At 2600 .Lg/g brass,3
Inhibition was noted In Burbank, Cinebar, and Palouse Soil at 420 days.

Microbial diversity In soil exposed to BA/FO mixed smoke was not significantly ImpactedU
(Figure 3.21). Microbial diversity was not impacted b~y thn mixed smoke of BR/FO (120.05).

3.8.6 Soil Nitrifying Racatrin

Nitrogen Is the nutrient most limiting In agric~ultural (Stevenson 1982) and arid lardI
ecosysterns (West and Skujins, 1978) for both plant and suil microbial growth and function.
The conversion of organic nitrogen to available Inorganic forms Involves two distinct3
microbiological processes: ýirnmonificat~on, which converts okrgank nitrogen to ammonia, anld
nitrification, which transforms ammonia to nitrate. Nitrificationi In soil Is mediated by the sol
nitrifying bacteria. The Nitrosomonas sp. type microorganisms are responsible for the
conversion of amnmcnla to nitrite and the Nitrobacter sp. type micr'oorganisms are resp'onsible
for the further oxidization of nitrite to nitrate, a soluble and mobile form of nitrogen In soil3
utilizable by plants and by other microorganisms.

3.90
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TABlLE 3,. THE EFFECT OF BRASS FLAKE CONCENTRATION ON THE
POPULATION OF TOTAL SOIL HETEROTROPHIC BACTERIA

Total Soil Heterotrophic Bacteria, log(CFU/g dry soil)(a)
Brass-Flake______________________ ____I
Concentration (g.g/g) Burbank Cinebar Palouse Palouse+OM

0 6.880(0.07) 6.07(0.21) 7.09 (0.12) 7.811 (0.02)'
25 6.75 (0.08) 7.18 (0.08) 7.23 (0.00) 7,74 (0.02)'I
100 6.64(0.08) 6,62 (0.11) 7.39 (0.06)- (b) 7.71 (0.05)'
Soo 6.44 (0.07)' 7.00 (0.35) 6.71 (0.25) 7.70 (0.03)'

2500 6.43 (0.32) 6.07 (0.07)' 7.01 (0.06) 7.48 (0.07)'

InguhatIon Thme 28 dyagn
0 6.568(0.07) 7.57 (0.26) 6.64 (0.14) 7.46 (0,10)I
25 6.59 (0.10) 7.66 ((.08O) 6.74 (0.08) 7,51 (0.03)
100 6.67 (0.06) 7.53 (0.09) 6.71 (0.05) 7.33 (0.13)
S00 6.48 (0.02) 7.61 (0.22) 6.855(0.14) 7.52 (0.28)I
2500 6,53 (0.11) 7.50 (0.04) 6,55 (0.24) 7,74 (0.14)

ingubation Timp ISO dgya
0 6.50 (0,03) 7.82 (0.04) 7.53 (0.06) 7.76 (0.04)
25 6.41 (0.00) 8.30 (0.33) 7.49 (0.03) 7,62 (0.14)
100 6.66 (0.03)' 7.688(0.11) 7.61 (0.03) 7,55 (0.06)'I
500 7.16 (0.08)' 8.01 (0.08). 7.61 (0.03) 7.70 (0.03)'
2500 7.09 (0.03)' 8.20 (0.00)' 8.18 (0.08)' 7.88 (0.08)'3

Inuain"ng20dy
0 6.47 (0.22) 7.40 (0.06) 7.29 (0.07) 7.53 (0.03)
25 7.76 (0.07)' 7.09 (0.05)' 7.01 (0.09)' 7,43 (0.06)I
100 8.68 (0.06) 7.486(0.03) 7.35 (0.04) 7.43 (0.06)
S00 6.72 (o.09) 7.74 (0.12)- 7.42 (0.06) 7.51 (0.03)

2500 6.28 (0.17) 8.02 (0.04)' 7.64 (0.16)' 7.41 (0.12)

.jjua0 nTl~40dy 6.50 (0.09) 7.33(0.05) 7.34 (0.15) 7.01 (0.04)I

26 0.50 (0.07) 7.42 (0.15) 7.23 (0.17) 6.96 (0.03)
100 6.41 (0.07) 6.98 (0.13) 7.28 (0.06) 6.78 (0.14)
500 5.89 (0. 11)' 6.86 (0.26) 7.31 (0.02) 7.13 (0.03)I
.2500 0.27 (0.19) 7.88 (0.08)' 7.35 (0.19) 7.12 (0.10)

(A) Log (oolany-forming-unht per gram dry soil), expressed as mean (standard deviation), n *3.I

(b) 'Denotes significant differenne from control based on t-est, p~s 0.05.
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TABLEIA.a. THE EFFECT OF BRASS-FLAKE/FOG-OIL MIXED SMOKE ON THE
POPULATION OF TOTAL SOIL HETEROTROPHIC BACTERIA

Total Heterotrophlc Bacteria, Iog(CFU/g dry soil)(a)

Exposure Post-Exposure
Condition Time (days) Burbank Cinebar Palouse Palouee+OM

unexposed 0 8.62 (0,15) 7,18(0.07) 6,75(0.10) 6.96 (0.02)

0,9 mWe BRFO 0 6.84 (0.12) 7.42 (0.08) 6.78 (0.05) 7.07 (0.06)

4.5 mis BRIFO 0 6.59 (0,08) 7.48 (o.0o)-(b) 6.68 (0.08) 7.49 (0.03)'

unexposed 28 6.93 (0.20) 7.64(0.13) 7.26 (0.18) 7.44(0.30)
0.9 m/s BR/FO 28 7.43 (0.04) 7.70 (0.15) 7.21 (0.12) 7.41 (0.17) I
4.5 mis BR/FO 28 7.60 (0.09) 7,06 (0.07) 7.44 (0606) 7,88 (0.06)

(a) Log(colony-forming-unit per gram dry soil), expressed as mean (standard deviation), n - 3.
(b) "Denotes significant difference from control based on t-test, p S 0.05.

PoLtAmgiojMn. Except In Cinebar soil, populations of soil Nitrosomonas sp.
decreased dramatically 2 to 28 days after the addition of 2500 Igg/g brass. No effect was found I
for soil amended at concentrations of 25 to 500 gtg/g except for Burbank soil exposed to 500
gg/g (Table 3.54). A recovery and Increaso In the Nitrosomonas sp. population occurred after
a prolonged Incubation time of 420 days (Figure 3.22).

Numbers of soil Nitrobacter sp. declined when exposed to brass flake at 2500 gg/g and
Incubated for 2 to 28 days (Figure 3.24 and Table 3.56). However, as In the case with
Nitrosomonas sp., the population was able to recover over time.

sronge Deposition tio Sgil. The population of soil Nitrosomonas sp. was not affected by
the BR/FO exposure at 0.9 m/s, but It was Inhibited by the 4.5 rn/s exposure In Burbank and I
Cinebar soil Immediately after exposure (Figure 3.23 and Table 3.54). The population was
able to recover to the level of the unexposed soil after 28 days.

Soil populations of Nitrobactersp. were not affected by the BR/FO smoke exposure at I
0.9 m/s, but were Initially Inhibited by the 4.5 m/s exposure in Burbank and Cinebar soils. After

28 days, these soils recovered to the control levels, while the Palouse soil had a significant I
decrease at this time (Figure 3.25 and Table 3.57).

II
3.94 I



-I

I

I Ii, i oam, 10 , Mato
, i+ -- ---- , ---. -

mao100 . ,o-• 2 B i" 0 g

NO I.IIU

-IW' -ov J-a.- 25Mmw,,

4 
4

0 0I
0 100 200 300 400 0 0o0 200 30,0 40o

Inaubstion Tim, Days 
Incubatllon Tim., Days

10.P ala 2,11 0 1¶0.

*- 100 ufli 25 10 ai__ S I 0-a---- voovi, I- .i~ i-- 2500 I*0

4 4

0i ;0 20 0 -------

Inuato Tim, Day , 0 - 0 0 .

ll10UO41101 Tim, P~llIncubaionlll Tirne, Dalys

I '

FIUE 2. THE EFFECT OF BRASS-FLAKE CONCENTRATION ON SOIL MICROBIALI SPECIES DIVERSITY

I 3195

3.5



TAL-. THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL
MICROBIAL SPECIES DIVERSITYI

Shannon-Weaver Index of Dlverslty(8)
Brass Flake___________________ _____
Concentration (j.ig/g) Burbank Clnebar Palouse Palouse+OM

Incubation T3ma 2 dWy
0 3.06 (0.54) 2.32 (0.00) 2.58 (0.24) 2.68 (0.14)
25 3.37 (0.30) 2.56 (0.52) 3.38 (0.00) 2.61 (0.12)I
100 3.50 (0.18) 3.02 (0.60) 3.00 (0.25) 2.46 (0.21)

500 2.73 (0.88) 2.17 (0.60) 2.42 (0.11) 2.60 (0.40)
2500 0.58 (0.50)' 2.309(0.86) 2.87 (0.33) 2.765(0.31)I

Ingu~alg lwa2.idaja
0 2.48 (0.53) 2890(0.03) 2.34 (0.36) 2.29 (0.23)I
25 2.86 (0.06) 2.43 (0.26) 2.98 (0.19) 2.50 (0.27)
100 2.71 (0.07) 2.28 (0.36) 2.78 (0.13) 2.78 (0.17)'
S00 2.84 (0.48) 2.61 (0,05) 2,53 (0.34) 2.58 (0.52)I
2500 2.30 (0.39) ^4 (0. 19) 2.80 (0.15) 2.19 (0.12)

Incubation Timei 150 daysI
0 2.91 (0.17) 2.92 (0.07) 3.22 (0.19) 2.70 (0.25)
25 3.25 (0.10) 2.84 (0.15) 3.00 (0.10) 2.73 (0.28)
100 3.18 (0.29) 3.22 (0.09)' 3.11 (0.17) 2.59 (0.11) I
5o0 2.58(0.15) 2.70 (0.17) 3.32 (0.08) 2.79 (0.19)
2500 1.03 (0,22)' 2.50 (050) 2.79 (0.1 i)' 2.768(0.06)3

Incubation Tlnil 270 dayL
0 2.97 (0.10) 2.83 (0.19) 2.62 (0.17) 2.52 (0.00)
25 2.95 (0.29) 2.85 (0.20) 2.58 (0.38) 2.59 (0.22)I
100 2.786(0.12) 2.73 (0.38) 2.81 (0.41) 2.87 (0.02)'
500 2.85 (0.19) 2.688(0.08) 2.70 (0.11) 2.69 (0.12)

2500 1.79 (0.14)' 1.57 (0.29)' 2.56 (0.02) 2.35 (0.32)'

Incubation Tima 420 days
0 3.69 (0.09) 3.20 (0.17) 3.18 (0.20) 2.16 (0.72)I
25 3.58(0.07) 3.09 (0.17) 3.056(0.10) 1.83 (0.10)
100 3.72 (0.14) 3.24 (0.28) 2.83 (0.89) 2.01 (0.54)
500 2.50 (0.14)' 3.01 (0.30) 2.60 (0.47) 1.23 (0.39)I
2500 2.80 (0.13)' 2.47 (0.20)' 2.51 (0.26Y 2.10 (0.20)

(a) Mean (standard deviation), n - 3.1
(b) 'Denotes significant difference from control based on N~est, p:5 0.05.

3.96

0 E - - wII



4I y d'

j. .Syl 4- O 05,

Inooe 0I MV IF .rs8J0ue~bd 09W PF . V F

FGR 2 1 TH1FETO2RSSFA~FGOLMIE MK NSI

MIRBA SPEIE D IVRITY

03.97



! IwI w

00 2 28 B 270 420
9 ISII IS 0 40

12Gost" aaWpay Im Ia subi all.Q Yln%01

lOOug/g 10040we
,20004500 ON~

1 2 21 I S 270 423 26 lea 970 410

FIUE 3.22. THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL
NITRIFYING BACTERIA-NITROSOMONAS SPE I ES

3.98I



I
TABLE25. THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL3 NITRIFYING BACTERIA-NITROSOMONAS sp.

Soil Nitrobactersp. Population, Iog(MPN/g dry soil) (a)
Brass Flake
Concentration (gj/g) Burbank Clnebar Palouse Palouse+OM

I Incubation Time 2 days
2 .32 2.27 2.79 2.79

25 1,78 2.27 2.79 3.33
100 1.78 1.85 3.48 3.14
500 1.32..(b) 2.U5 2.79 3.48

I 2500 0,34WM() 1.52 0.40' 0,00'

Incubation Time 2 davt.
0 2.20 3.67 2.79 3.44
25 2.47 3.67 2.79 3,48
100 1.92 4.06 3.48 2.79
500 4,20' 3.85 2.79 2,62
2600 1.43 2.85 0,40' 2.94

I Incubatlon Tlme 1r50 dAw
0 1.23 3.86 3.14 3.21
25 2.78' 3,8 3,32 3.21
100 3,47' 3,99 2.61 2.93
500 4.13' 4.00 3,13 3.21
2500 4,93' 4.27 2.99 4.21"1

I Incubation Tim. 270 davn
0 1.12 3.06 3.14 2.61
25 3.58' 3.28 2.61 2.99
100 3,74' 3.011 3.00 3.00
500 3.43' 3.21 2.78 2.99
2500 2.42' 3.85 4,21' 3,79'

Incubation Time 420 davI
0 1,59 3.00 2.79 2.61
25 2.45 3.21 3.00 2.14

10 3.47' 3.21 2.48 2.33
500 3.12, 3.07 2.61 2.33
"2500 2.99 4.06 2.70 3.99'

(a) Log (most-probable-number population per gram dry soil), 95% confidence level for the MPN enumeration

with 5.replicate, 10-fold dilution method Is * 0.52,
(b) "Denotes significant difference from control based on otest, p S 0.10.

S'Denotes significant difference from control based on t-test, p S 0.05.

I 3.09
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I68LE I55 THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL

N ITRIFYING BACTER IA-NITROBACTER ep.

SFlake Soil N/trobactersp. Population, log (M PN/g dry soil)(l)
Brass Flake__________________________

Concentration (g.g/g) Burbank Cinebar Palouse Palouse+OM

Incubatfon Time; 2 days
0 2.47 1.52 1.62 2.48
25 2.99 1.51 1,2 2,21 a
100 2.47 1,68 2.48 2.48

500 1.09 1.52 1.48 1.62
2500 0 .00 "(b) 0.00" 0,70 .(-) 0.00'

Incubaflon Time: 29 days
0 2.69 2.67 1602 2.00
25 2.47 2.19 1,62 2.00
100 2.47 3,06 1652 2.48
500 3,20 3.67"° 146 1.79 I
2500 0.74' 3.6?" ,40' 1,07"A

,Incubatlol Timea: 10 days
0 2.46 4.29 2.48 2,47
25 3.47 3.85 2,47 2.61
100 3.20 3.99 2,47 2.47 I
500 4.78' 4.07 1.99 2.21
2500 5.20' 5o05 3.06 3.99'

Incubation Time: 270 dvay
0 3.19 3.82 2,21 2.79
25 4.48' 3.28 2,81 2.69 I
100 3.91 3.88 3,00 2.79
500 4.31" 3.68 2.78 2.79
2500 4.31" 4.68" 3.13"° 2.79 I
Incubatlion Time: 420 d•s
0 2.59 3.28 1.45 2.24 I
25 2.22 3.29 1.82 1.61
100 2.99 3.55 1.48 1.62
500 5.63' 3.86 1.45 1.62 I
2500 4.78' 4.68' 5.48' 1.79'

(a) Log (most-probable.number population per gram dry soil), 95% confidence level for the MPN enumeration.
with 5-replicate, 10-fold dilution method Is ± 0,52,

(b) 'Denotes significant difference frorri control based on t-test, p !0.05.

(M) "Denotes significant difference front control based on teet, p !5 0.10. I
I
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IABLE.. 5 . THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL
N ITRI FYI NG BACTER IA-NITROSOMONAS6 p.

5s Post-Exposure Soil Nltrobactersp. Population, log (MPN/g dry soil) (a)
Exposure Post-Exposure .......

Condition Time (days) Burbank Cinebar Pslouse Palouse+OM

unexposed 0 2.46 2.40 2.79 2.47
0.9 rn/s LI•RFO 0 2.06 2.26 2.62 2.79
4.5 rn/s BR/FO o 1.51--(b) 1.37"0 2.48 2.21

I unexposed 28 3.1 3.50 2.00 2.61
0,9 rn/s BR/FO 28 3.60 3.67 2,79 2.79

i 4.5 rn/s BR/FO 28 3,98 3.58 3.48 2.61

(a) Log(momt-probable-number population per gram dry soil), 95% confIdence level for the MPN enumeration
with 5-replicate, 10.fold dilution method I s. 0.52. No signlfloant difference from control was found b•sedI on t-test, 1C 0,05,

(b) ,,Denotes significant difference from control based on t-test, p S 0,10.

I
I 3,7 EFFI.CTS OF RRASS AND BRASS!FOG OIL ON SOIL INVERTSBRAT::

We sought to determine the effects of brass flake on the survivability and
viability/activity of Invertebrates. Earthworms (EIanina IgftIda) were placed in coupons

containing artificial soil (70 g) and were then exposed to the brass flake during the tests. The
results, given In Table 3.58, Indicate only a slightly deleterious effect on the populations,

particularly at the higher wind speeds and therefore the higher loading levels (:. 445 gg/cm 2).
This Is most evident at the 10 mph test, where the animals appeared to lose some of their
responsiveness to stimuli (handling) by 14 days post-exposure. However, in contrast to
experiments with some other smokes (e.g., WP and HC; Van Voris et al, 1988; Cataldo et al,
1990), where decided numbers of deaths occurred during this period, no fatalities among the

populations exposed were noted. In fact, egg casings and juvenile hatching were noted In
some of the coupons.

Exposure of earthworms to BR/FO aerosols (Table 3.59) at mass loadings of 200 Ag
brass/cm2 had no effect on survivability and only moderately affected tactile activity, Thus

there is no Indication that fog oil ameliorates or Intensifies the effects of brass,

I
I 3.103
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1 TALE. .5 . THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL

NITRIFYING BACTERIA-NITROBACTER op.

Soil Nltrobactersp. Population, log (MPN/g dry soll)(a)
Exposure Post-Exposure

Condition Tlme (days) Burbank Cinebar Palouse Palouse+OM

unexposed 0 2.46 1.67 1.61 1.1
0.9 rn/s BR/FO 0 1.98 1.51 1.46 1.61
4.5 rn/s BR/FO 0 1.44-,(b) 0.40() 1.48 1.48

u nxposed 28 3.19 2.53 1.99 1 46
0.9 rn/s BR/FO 28 2.98 2.19 2.21 0.76
4.5 rn/s BR/FO 28 3.20 2.04 o.75' 1,33

((a) Log (most.probable-number population per gram dry *oil), 95% confidence level for the
MPN enumeration with 5.repllcate, 10-fold dilution method Is * 0.52,

(b) "Denotes significant difference from control based on Most, p s 0.10.

(o) 'Denotes significant difference from control based on t-teet, p s 0.05,

I
I flL:L.i. INFLUENCE OF SOIL-DEPOSITED BRASS FLAKE ON THE SURVIVAL OF

EARTHWORMS (E1nan foatlda). WORMS WERE PLACED IN ARTIFICIAL
SOILS (70 g), EXPOSED TO BRASS FLAKE, AND HELD FOR 14 DAYS3 POST-EXPOSURE.

Experiment Wind Speed Soil Mass Loading Survival
Number (m/8) (Ag/om2 ) (Average.SD, n .3) Condition

BR-13 0.9 73.3±29.5 10/10 Healthy, Active
10/10 Healthy, Active
10/10 Healthy, Active

i R-12 1,8 107.5±65.0 10/10 Healthy, Active
11('),I0 Healthy, Active
10/10 Healthy, Active

BR-11 2.7 204.1:±3g.8 10/10 Moderate Activity
10/10 Healthy, Active
10/10 Moderate Activity

BR-10 4.5 445.5+169.4 10/10 Sluggish,Inactive
12(2)/10 Moderate Activity3 10/10 Healthy, Active

(a) Eggs laid and hatched.

I
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I
TABLE 3. INFLUENCE OF SOIL-DEPOSITED BRASS FLAKE/FOG OIL ON THE

SURVIVAL OF EARTHWORMS (Elsoni foatida). WORMS WERE PLACED
IN ARTIFICIAL SOILS (70 g), EXPOSED TO BRASS FLAKE IN BR/FO, AND
HELD FOR 14 DAYS POST-EXPOSURE.

Experiment Wind Speed Soil Mass Loading Survival 8
Numb.e (mr/) (Jg/cm2) (Averape-SD, n ,3) Condition

BR/FO-03 0.9 145.45:k32.88 8/10 Moderate Activity
10/10 Healthy, Active
10/10 Moderate Activity

BRIFO-06 4.5 216.36*189.79 10/10 Moderate Activity
11 (4)110 Moderate Activity
11 0/10 Moderate Activity

(a) Eggs laid and hatched.

3.8 SOIL MOBILITY OF BRASS - SOIL COLUMN STUDIES

Brass flake was neutron-aotlvated to produce a 65Zn-tagged brass, This material then I
was applied to column surfaces to determine the mobility of weathered soluble constituents,

using Zn as the Indicator Ion. Radioactive brass was uniformly mixed with soil and appllod to I
the upper 0,5 om of the soil columns. At periodic Intervals the columns were scanned to
spatially locate both the radioactivity and any downward migration. The Indicators of migration

used Included peak width (PW) and peak maximum depth (PMD), as shown In Table 3.80.
The PMD values for the 8- and 24-week periods (note standard deviations) indicate that any
column settling occurred before 8 weeks. Between 24 and 48 weeks, the PMD Increased by U
0.06 to 0.43 cm In the four soil treatments. In addition, the average PW values Increase by 0.7
to 0.9 cm over the 40-week Intera. This was the result of a downward migration of solublized
Zn. Although there are slight differences In migration for the four soils, It Is clear that the CEC
of these soils is effective In retarding solublilized brass constituents. For Cinebar soil leached

with pH 6.5 versus 4.5 rainwater, no significant differences (P>O.1) In migration are noted; this
likely Indicates that the added acidity did not exceed the buffering capacity of the soil.
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T ABL 3 . MOBILITY OF ACTIVATED BRASS FLAKE (ZINC-65) IN SOIL COLUMNS
WITH TIME. COLUMNS OF FIVE SOIL TYPES WERE SURFACE-
AMENDED WITH 0.5 cm OF ACTIVATED BRASS FLAKE, WATERED
WEEKLY TO SLIGHTLY ABOVE FIELD CAPACITY USING ARTIFICIAL
RAINWATER OF EITHER pH 6.5 OR 4.5, AND SCANNED AT PERIODIC
INTERVALS OVER A 48-WEEK PERIOD. DATA ARE AVERAGES ± SD OF
COLUMNS (n w 3) AND INCLUDE PEAK WIDTH AND DISTANCE OF PEAK
CENTER MOVEMENT INTO COLUMN (cm).

W .ieks 24 Week. 49 Weeks
Peak Poak Maximum Peak Peak Maxlmum Peak Peak Maximum

Rainwater Width Depth Width Depth Width Depth
pH/Soil (cm) (am) (am) (cm) (cm) (am)

pH 6.5
Burbank 2 ,03:1:0,.06() 0,00(a) 2.95 0.14 -0,2M0.24 2.940.00 0.434.20
Palouse 2.27:1:0.06 0,00 2.99±0.20 -0.2610.23 3.20*0.00 0.060.13
Palouse/OM 2.20:0.00 0,00 2.86t0.07 -0.14±0.41 3,0710.00 0.3310.30
Clnebar 2,30-*0.00 0.00 3.03±0.20 -0.1410.25 3.030.27 0.231:0.14

3 pH 4.5
Clnebar 2.30±0,10 0.00 3.16:0.15 .0.090.31 3.1110.15 0.08±0.2

(a) Baseline measurement following initial column equilibration,
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3 4.0 o

The environmental fate and effects of brass were Investigated for the two principal
routes of biological exposure, airborne deposition of brass and brass/fog-oil obsourant3 mixtures and brass weathering In soil. Soils were amended to simulate weathering and
potential Impacts from deposition. Aerosols containing brass were generated and charac-
terized, and deposition both to foilar surfaces and to soils was determined. Impacts of
deposited brass were assessed based on their contact toxicity to vegetation. Soil amend-
ment studies were performed to ascertain weathering rates and to determine the effects of3 different brass concentrations on plant growth and on soil microbial processes. In addition,
soil columns were used to determine whether brass weathering influenced the migration of
Cu and Zn through soil profiles.

4.1 AEROSOL CHARACTERI1ZATION

I Brass aerosol mass concentrations ranged from 132 to 177 mg/m 3 during the brass-
only (BR) wind-speed tests, were approximately 90 mg/m 3 during the brass range-findingU tests, and ranged from 19 to 83 mg/m 3 during the brass/fog oil (BR/FO) wind-speed tests.
Particle size distributions during BR and BR/FO tests were based on total particulate mass
deposited to the various stages of Andersen cascade Impactors, Measured distributions
Indicate an AMMD for brass aerosols of approximately 5 to 8 gm. Those of FO aerosols were
shown by Cataldo et al. (1989) to be about 2 to 3 lam. In addition to having different partlule
sizes, the dry brass particies have surface attraction characteristics different from the liquid FO
droplets. Thus the transport and deposition characteristics of the two obscurant aerosols
were not expected to be similar.

4.2 DEPOSITION VELOCITIES FOR PLANT AND SUIL SURFACES

I The deposition velocity (Vd) of brass alone to foilar surfaces Increases with Increasing
wind speed, and ranges from 0.1 cm/s at 0.9 m/s (2 rnph) to 1.0 cm/s at 4.5 rn/s (10 mph).3 Interception or collection efficiency was higher for sagebrush than for the other plant species.
Values of Vd are at least one to two orders of magnitude greater than those reported for P, FO,
and HC smokes (Van voris et al. 1987; Cataldo et al, 1989, 1 990a). The deposition velocity of
brass delivered as BR/FO aerosols rangeo fiom 0,3 to 60 cm/s for foilar surfaces. This
velocity is substantially greater than that observed for brass alone, Deposition to bush bean

I and tall fescue foliage Is nearly an order of magnitude less than that for sagebrush and pines.
The co-deposition of the fog oil to the leaf surface apparently either prevented resuspension
of the deposited brass or affected brass agglomeration, increasing its effective size and
deposition rate.
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4.3 CONTACT PHYTOTOXICITY AND RESIDUAL EFFECTS OF BR AND BR/FO AERROSOLS i

Contact toxicity of brass alone was not observed at mass loadings of up to 700 .ig/cm2 ,
equivalent to a field exposure of 100 mg brass/m3 for 24 h. Exposing plants to aerosols I
containing BP,/FO resulted In moderate toxicity, but this Is assumed to be the result of the FO,
not the brass. Brass deposition to foliage has only a short-term, minimal effect on plant gas
exchange, a result, we believe, of the shadIng effect of foilar-deposited brass. Similarly,
reduced dry-matter production In brass-contaminated plants most likely results from the

shading effect. No residual effects of second.harvest biomass production were noted I
following brass deposition, Indicating that neither Cu nor Zn was significantly weathered and
follarly absorbed. I

4.4 BRAS.3 SOIL, AMENDMENT STUDIES I

Soils were uniformi!y mixed with brass flake to provide treatments containing 0, 25,
100, 500, and 2500 gg brass/g dry wt soil. These treatments were used to assesss
solubilizatlon/weatherlng of the urass, soil Ionic balance, plant Impacts, and soil microbial
effects. 

!
The pH of soils decreased with Increasing brass amendment level and time of I

Incube' ..,. The pH of soils Increased by 0.8 to 1.0 pH units over the 440-day Incubation. The
change in pH results either from a disruption of hydrogen Ion equill'.• ,',: .y solubilized I
components of the brass or from the effects of brass constituents on microbial activity.

Selective extractions were used to evaluate brass weathering and to determine the i
fate of solubilized Cu and Zn. In general, the amount of extractable Cu and Zn In soils
Increased by 100 days post-amendment and changed little by 440 days. In the Intervening

period, weathered Cu and Zn likely became tightly sorbed to nonexchangeable sites,
disrupting the extractable quantities of other ions In soil. Most noticeably, P decreases and
ammonia and nitrate conc-,ntratlons Increase; this likely results from a disruption on soil
microbial processes.

All soils show similarly low exchangeable Cu, while exchangeable Zn is depressed In I
Burbank and dramatically increased In the other soils. Inorganically bound Cu
predominants In Burbank but Is ;ass Important for the other soil treatments, particularly at
lower amendment levels; inorganically bound Zn predominates in Burbank and Is a major
compartment in Clnebar, but It is less Important for Palouse. Copper in the organically bound

oompartment Is increasingly important with decreasing brass concentration, particularly for I
Palouse, and Zn slightly shows a similar trend. These trends may reflect limited organic

4.2 I
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Ilgands in the soils used. Residual Cu is greatest for Cinebar, while residual Zn is greatest for

Burbank and for the lower amendments of Palouse.

3 In general, exchangeable Cu and Zn increase with increasing brass amendment,
though the Cu component remains minor. With Increasing brass, Cu increases in the
Inorganically bound compartment, but Zn remains steady. Organically bound and residual

compartments show decreasing Cu and Zn with increasing brass amendment. Based on the
most severe extraction method (the hot water extraction), the highest brass amendment level
(2500 lig/g soil), and 100 days Incubation, Cu solubiizatlon amounted to 0.5, 2.0, and 3,5%
for Burbank, Palouse, and Cineber soils, respectively; Zn solublIizatlon was 0.2, 1.5, and
2.7% for Burbank, Palouse, and Cinebar soils, respectively. Since the rates of weathering
appear constant between 100 and 440 days, It Is assumed that an equilibrium Is established
between exchangeable and non exchangeable metal pools in soils.

Seed-germination studies with bush bean, alfalfa, and tall fescue indicate no effects of
brass at any of the concentrations used or after up to 450 days of weathering. After 160 days
of incubation, plants developed visual toxicity symptoms, including necrosis and chlorosis,
Except for tall fescue grown on Burbank, only moderate damage was noted for concentrations
000 lg brass/g, In general, the toxicity of brass, based on visual symptomatology, became3 more severe with Increasing Incubation or weathering time. Biomass production In plants
reflected the soil concentration trends for visual symptoms, In that severe dry-weight
reductions were observed at soil concentrations of >500 g±g brass/g soil. Plants grown on

low-CEC soil, namely Burbank and Palouse, exhibit effects at lower soil concentrations.

Concentrations of Cu and Zn In plant tissues are proportional to soil brass levels. In
tall fescue, shoot tissue concentrations of Cu ranged from 34 gIg/g for Cinebar to 500 pIg/g for
Palouse soil containing 2500 ppm brass. In comparison, Zn concentrations ranged from 900
to 6000 .g/g, In bush bean, the concentration of Cu in leaves was highest for Burbank soil
(50 /jg/g), while Zn concentrations were highest In Palouse-grown plants (850 pg/g).

I Analysis of the nutrient-ion concentrations of tall fescue grown on brass-amended soil
showed that the elevated soil concentrations of Cu and Zn caused the tissue concentrations
of Mg and Mn to Increase by a factor of 2 to 3, levels of Fe to Increase by a factor of 7 to 100,
and P levels to decrease by a factor of 2 to 3. This disruption in Ion homeostasis can account
for the observed phytotoxicity of brass. Similar ion Imbalances were not observed for bush

bean.
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Soil Microbial Processes

The degree of brass-flake impact on soil microbial activities depended on soil type,
brass concentration, and the microbial Index studied. Soil with higher organic matter and
cation exchange capacity (Cinebar) tended to be less Impacted by the brass flake than soil
with lower organic matter and CEO (Burbank). Organic matter in soils can adsorb and bind
heavy metals, the extent of which depends on pH. Soil organic matter also contributes to the
CEC of the soil, thereby further Influencing the bloavallablllty, and hence, toxicity of deposited
heavy metals. The greater the CEC of the soil, the greater Is its ability to adsorb and I
immobilize heavy metals and reduce their toxic effects. The CEC and organic matter of the
soils used In this study can be ranked Burbank soil < Palouse soil s Palouse soil + OM <
Clnebar soil. Burbank soil, with I's low CEO and low organic matter, was most impacted by
the brass-flake exposure'

Impacts on soil microbial activities Increased with Increasing brass concentration.
Concentrations above 500 g.g/g severely Inhibited several soil microbial activities, especially
soil dehydrogenase activity, which was diminished to below detection limit.

Soil dehydrogenase activity, or the activity of the soil microbial community, was more
susceptible to the toxicity of brass flake than was soil phosphatase or soil microbial biomass,
which were moderately affected by the brass flake. Soil nitrifying bacteria and total
heterotrophic bacteria in general were not significantly affected by the brass flake. In fact,
these two Indexes were slightly enhanced by the brass flake. The microbial diversity Index
was significantly decreased In Burbank soil. and was moderately Inhibited In Palouse soil at
2500 i.Lg/g brass flake. Among the soil microbial parameters studied, the Impact ranking was
soil dehydrogenase activity > soil phosphatase activity : soil microbial blomass > soil
microbial population (total heterotrophic and nitrifying bacteria) a microbial species diversity I
Index.

The ecological dose of brass flake causing 50% Inhibition (EcD50) in soil microbial I
activity Increased with incubation time, indicating a general trend of recovery as a function of
time, and suggesting an Immobilization of the metals and a transient nature of the brass
effect. Weathering of brass-amended soil substantially Increased organically bound copper
and zinc (see the chemistry section of this report) and thus may have contributed to the

recovery from brass toxicity over time.

When soil was exposed to a mixed smoke of brass flake and fog ohi, 1he deleterious

effect was less intense than when soil was exposed to brass only, suggesting a beneficial
synergistic effect of fog oil.
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Effects of Brass On Soil Inverinbrate•

Brass flake deposited to soil has only a slightly deleterious effect on the earthworms at
mass-loading levels > 445 pg/cm 2. This is most evident in the 4.5 m/s test, wheoe the animals
appeared to lose some of their responsiveness to stimuli (handling) by 14 days post-
exposure. However, In contrast to previous experiments with other smokes (eg., WP and HC
smokes: [(Van Voris at al. 1987; Cataldo et al. 1990)], where decided numbers of deaths
occurred during this period, we noted no fatalities among the populations exposed. In fact,
egg casings and juvenile hatching were noted In some of the coupons. Exposure of
earthworms to BR/FO aerosols at mass loadings of 200 j.ig brass/cm2 had no effect on
survivability and only moderately affected tactile activity, Indicating that fog oil neither
ameliorates nor Intensifies the effects of brass.

4,5 SOIL COLUMNS AND BRASS MOMILITY IN SOIL

Brass flake was noutron-activated to produce a 65Zn-tagged brass and applied to

column surfaces to determine the mobility of weathered soluble constituents, using Zn as thle
Indicator Ion. Analysis of migration, peak width (PW), and peak maximum depth (PMD)
clearly indicates that appreciable downward migration of Zn, and likely Cu, does not occur to
any great extent over the time used (440 days). Peak maximum depth increased by 0.06 to
0.43 cm In the four soil treatments. The average PW values Increase from 0.7 to 0.9 cm.
Although slight differences In migration rates for the four soils were noted, It Is clear that the
CEO of these soils effectively retards solubIlized brass constituents, For Cinebar soil leached
with pH 6.5 versus 4.5 rainwater, no significant differences (P20.1) are noted In migration; this
likely Indicates that the added acidity did not exceed the buffering capacity of the soil.
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